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(54) HETEROCYCUC COMPOUNDS 

(57) This invention relates to a Ni-(halogenocyclopropyl)-substituted pyridonecarboxylic acid derivative repre- 
sented by the following formula (I): 
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wherein is a halogen atom or a hydrogen atom; Is a halogen atom; Is a hydrogen atom, a hydroxyl group; a 
thiol group, a halogenomethyl group, an amino group, an alkyt group or an alkoxy group which may have a sut)stituent 
group; is a group represented by the following formula (II): 
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(II) 



wherein and are independently a hydrogen atom or an alky! group and n is an integer of 1 or 2; A is a nitrogen 
atom or a partial structure of the following fbrnrujla (HQ: 



wherein is a hydrogen atom, a halogen atom, a cyano group, an amino group, an alkyt group, a halogenomethyl 
group, an alkoxyl group or a halogenomethoxyl group which may have a substituent group: and B is a hydrogen atom, 
a phenyl group, an acetoxymethyl group; a pivaloyloxymethyl group, an ethoxycarbonyl group, a choline group, a 
dimethylaminoethyl group, a S-indanyt group, a phthalidynyl group, a 5-alkyt-2-oxo-1 .3<lioxol-4-ylmethyl group, a 3-ace- 
tQxy*2-oxobutyl group, an alkyi group, an alkoxymethyl group or a phenylalkyi group, and provides a heterocyclic com- 
pound useful as antibacterial drugs. 



(III) 
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Description 

TECHNIQAI, FIELD 

5 This invention relates to an antibacterial compound useful as medicines, animal drugs, fisheries drugs or antibac- 
terial preservatives and to an antibacterial drug or antibacterial preparation which contains the same. 

BACKGROUND ART 

10 Though quinolone derivatives having 1 -amino-3-azabicyclo[3.2.0]heptan-3'yl group as a substituent are disclosed 
in JP-A-64-56673 and JP-A-3-86875 (the term "JP-A" as used herein means an "unexamined published Japanese pat- 
ent application), nothing is known atx)ut the quinolone derivative of the present invention which has the substituent 
derived from this amino-substituted condensed-bicydic heterocyclic compound and also has a halogenocyctopropyl 
group at the 1 -position. 

IS Synthetic quinolone antibacterial agents having not only antibacterial activities but also excellent biological distri- 
bution such as oral absort>abilrty, distribution into organs, urinary excretion ratio and the like have been found in recent 
years, and a number of such conpounds are now supplied to the clinical field as chemotherapeutic agents effective 
against various infectious diseases. However, the presence of bacterial strains having low sensitivity to these drugs has 
been increasing in recent years in tiie clinical field. Also, like tiie case of Staphylococcus aureus (MRSA) having less 

20 sensitivity against p-lactam antibiotics, strains having low sensitivity to synthetic quinolone antibacterial agents are 
increasing even among strains which are resistant to other drugs tiian syntiietic quinolone antibacterial agents. In con- 
sequence, development of drugs having more higher efficacy has been called fbr in the clinical field. 

DISCLOSURE OF INVENTION 

25 

The inventors of the present invention think that structures of the 7- and 1 -position substituents are greatiy con- 
cerned in the antibacterial activity, efficacy and safety of synthetic quinolone antibacterial agents. In consequence, tiie 
present inventors have conducted intensive studies to obtain a compound having high antit>acterial activity against a 
broad range of bacteria including quinolone-resistant strains and found as the results ttiat a quinolone derivative having 
30 a substituent group derived from an amino-substituted condensed-bicydic heterocyclic compound at the 7-position 
shows strong antibacterial activity against Gram-positive and Gram-negative bacteria, particularly quinolone-resistant 
bacteria including MRSA. and that not only the antibacterial activity but also excellent efficacy and safety can be 
obtained by a quinolone derivative in which the 1 -position is substituted with a halogenocyclopropyl group, particularly 
afluorocyclopropyl group. 

35 In tiie quinolone derivative of the present invention, a pair of enantiomer is attributed only to the 1 -positioned hal- 
ogenocyclopropane ring moiety even in the absence of stereoisomerism in other substituents. This is originated from a 
stereochemical relationship between pyridonecart>oxytic acid moiety and halogen atom on the cyclopropane ring. 
When isomers formed in tills way are racemic. these derivative is a mixture of enantiomers which could be used as a 
medicine as such. 

40 On the otiier hand, when stereoisomerism is also present at ottier positions, particularly at the 7-position substitu- 
ent, in addition to the stereoisomerism of the halogenocyclopropene ring moiety, such quinolone derivative consists of 
diastereomers. meaning that 4 or more stereoisomers are present. Since tiie mixture of diastereomers is a mixture of 
compounds having different physical properties, it is difficult to administer tiie mixture as a medicine. 

TTie present inventors have made intensive efforts to obtain a quinoline compound consisting of a single stereoi- 

45 somer even in tfie case of a 1 -(1 .2-cis-2-halogenocyclopropyl)-substituted quinolone derivative which consists of dias- 
tereomers. 

As tiie results, the present inventors have succeeded in obtaining each enantiomer of cis-2-fluorocyclopropylamine 
as a pure compound. The present inventors have also succeeded in obtaining each of the f luorocydopropane ring-orig- 
inated enantiomers of the quinolone derivative as a conpound consisting of single isomer, from ttie pure cis-f luorocy- 
50 clopropylamine. The present inventors have also succeeded in obtaining each isomer of an amino-substituted 
condensed-bicydic heterocyclic compound having an asymmetric carix)n atom and a nif ogen as the hetero atom, as 
a pure compound. 

The success in obtaining such quinolone derivative and amino-substituted condensed-bicydic heterocyclic com- 
pound having a nitrogen atom as a hetero atom, both useful as syntiietic intermediates, has rendered possible synthe- 
55 sis of a stereochemically single quinolone derivative composed of single diastereomer. 

Thereafter, tiie present invention has been accomplished on ttie basis of a finding tiiat the novel quinolone deriva- 
tive of ttie present invention which has a group derived from the amino-substituted condensed-bicydic heterocydic 
compound at ttie 7-position and ttie halogenocyclopropyl group at ttie 1 -position is a compound which is highly safe and 
shows excellent activity against a broad range of bacterial species induding quinolone-resistant strains. 
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Accordingly, the present invention relates to an N^Khalogenocydopropyl^substituted pyridonecartxncylic add 
derivative represented by formula (I): 




75 

wherein X"* represents a halogen atom or a hydrogen atom; 
represents a halogen atom; 

represents a hydrogen atom, a hydroxy! group, a thiol group, a halogenomethyl group, an amino group, an aikyi 
group having 1 to 6 cart>on atoms or an alkoxy group having 1 to 6 cart>on atoms, of which the amino group may 
20 have a substituent selected from the group consisting of a formyl group, an alkyi group having 1 to 6 carbon atoms 
and an acyl group having 2 to 5 carbon atoms, with the proviso that the amino group may be dialkyl-substituted 
when the substituent is alky! groups which may be the same or different from each other; 

represents a group having a structure derived from an amino-substituted condensed-bicydic heterocydic com- 
pound, represented by formula (II): 



25 



30 



35 wherein R^ and R"^ independently represent a hydrogen atom or an alkyI group having 1 to 6 cartson atoms and 
n is an integer of 1 or 2; 

A represents a nitrogen atom or a partial structure of formula (III): 

40 



// ^ (III) 



45 



wherein represents a hydrogen atom, a halogen atom, a cyano group, an amino group, an alkyI group having 1 
50 to 6 carbon atoms, a halogenomethyl group, an alkoxyl group having 1 to 6 carbon atoms or a halogenomethoxyl 
group, of which the amino group may have a substituent selected from the group consisting of a formyl group, an 
alkyI group having 1 to 6 carbon atoms and an acyl group having 2 to 5 carbon atoms, with the proviso that the 
amino group may be dialkyl-substituted when the substituent is alkyI groups which may be the same or different 
from each other; and 

55 R represents a hydrogen atom, a phenyl group, an acetoxymethyl group, a pivaloyloxymethyl group, an ethoxycar- 
bonyl group, a choline group, a dimethylaminoethyl group, a 5-indanyl group, a phthalidynyl group, a 5-alkyl-2-oxo* 
1 ,3-dioxol-4-ytmethyl group, a 3-acetoxy-2-oxobutyl group, an alkyt group having 1 to 6 cart)on atoms, an alkoxyme- 
thyl group having 2 to 7 carbon atoms or a phenylalkyl group composed of an atkylene group having 1 to 6 cart)on 
atoms and a phenyl group: 
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or a salt thereof. 

The present invention also relates to the aforementioned compound or a salt thereof, in which the halogenocydo- 
propyl group in the formula (I) is a 1.2-cis-2-halogenocyclopropyl group. 
5 The present invention also relates to the aforementioned compound or a salt thereof, in which in the formula (I) 
is a stereochemically pure substituent. 

The present invention also relates to the aforementioned compound or a salt thereof, in which the halogenocydo- 
propyl group in the formula (I) is a stereochemically pure sut)stituent. 

The present invention also relates to the aforementioned compound or a salt thereof, in which the halogenocydo- 
10 propyl group is a (1 R.2S]'2-halogenocyclopropyl group. 

The present invention also relates to the aforementioned compound or a salt thereof, in which is a fluorine atom. 
The present invention also relates to an antibacterial drug which contains the aforementioned compound of the for- 
mula (I) or a salt thereof as an active ingredient. 

The fbltowing describes substituents of the compound of the present invention represented by the formula (I). 
IS When each of . and X^ is a halogen atom, and X^ are most preferably a fluorine atom and X^ is preferably 
a fluorine atom or a chlorine atom. 

R'* is a hydrogen atom, a hydroxyl group, a thiol group, a halogenomethyl group, an amino groups an alkyi group 
having 1 to 6 cart3on atoms or an alkoxy group having 1 to 6 carbon atoms, of which the amino group may have a fbrmyt 
group, an alkyi group having 1 to 6 carbon atoms or an acyl group having 2 to 5 carbon atoms as a substituent. with the 
20 proviso that the amino group may be dialkyl-substituted when the substituent is alkyi groups which may be the same or 
different from each other. 

As for R\ the alkyi group may be straight or branched-chain alkyt groups having 1 to 6 carbon atdims. but is prefer- 
ably methyl, ethyl, n-propyl or isopropyl group. 

As the halogen atom of the halogenomethyl group, a fluorine atom is particularly preferred and the number of the 
25 atom may be 1 to 3. Preferred examples of the halogenomethyl group include af luoromethyl group and a dtfluoromethyl 
group. 

When R^ is an amino group, a hydroxyl group or a thiol group, these groups may be protected with ordinarily used 
protective groups. 

Examples of such protective groups include alkoxycarbonyl groups such as tertiary butoxycarbonyt. 2,2.2-trichlo- 
30 roethoxycarbonyl and the like, araikyloxycarbonyl groups such as benzyloxycarbonyl, paramethoxybenzyloxycarbonyl, 
paranitrobenzyloxycarbonyl and the like, acyl groups such as acetyl, methoxyacetyl. trifluoroacetyl, chloroacetyl. pival- 
oyl. formyl. benzoyl and the like, alkyi or aralkyl groups such as tertiary butyl, benzyl, paranitrobenzyl, paramethoxyben- 
zyl. triphenylmethyl and the like, ethers such as methoxymethyl, tertiary buyoxymethyl, tetrahydropyranyl, 2.2,2- 
trichloroethoxymethyl and the like, and silyl groups such as trimethylsilyt. isopropyldimethylsilyl, tertiary butytelimethyls- 
35 ilyl, tribenzylsllyl. tertiary butyldiphenylsilyl and the like. 

Of these protective groups, ethers and silyl groups may be used preferably as protective groups for a hydroxyl 
group and a thiol group, and other protective groups can be used as protecting groups of any one of an amino group, a 
hydroxyl group and a thiol group. 

X^ is a hydrogen atom, a halogen atom, a cyano group, an amino group, an alkyi group having 1 to 6 carbon atoms. 
40 a halogenomethyl group, an alkoxyl group having 1 to 6 carbon atoms or a halogenomethoxyl group, of which the amino 
group may have a fbrir^ group, an alkyi group having 1 to 6 carbon atoms or an acyl group having 2 to 5 cartx)n atoms 
as a substituent. with the proviso that the amino group may be dialkyl-substituted when the substituent is alkyi groups 
which may be the same or different from each other. 

As for X^. the alkyi group may be straight or branched-chain alkyi groups having 1 to 6 carbon atoms, but is prefer- 
45 ably methyl, ethyl, n-propyl or isopropyl group. 

As the halogen atom of the halogenomethyl group, a fluorine atom is particularly preferred and the numt)er of the 
atom may be 1 to 3. Preferred examples of the halogenomethyl group include a f luoromethyl group and a dif luoromethyl 
group. 

The alkoxyl group may have 1 to 6 cart)on atoms and is preferably a methoxyl group. 
50 As the halogen atom of the halogenomethyl group, fluorine atom is particularly prefen^ed and the number of the 
atom may be 1 to 3. 

When A is a partial structure represented by the following formula (111), 



55 



,C-X^ (III) 

// 
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preferred combination of and is that Is an amino group, a hydrogen atom, a hydroxyl group or an alkyi group 
having 1 to 6 carbon atoms and is an alkyl group having 1 to 6 carton atoms, an alkoxyl group having 1 to 6 cartx}n 
atoms, a halogen atom, a halogenomethoxyl group or a hydrogen atom. 

in more preferred combination. R'* is an amino group, a hydrogen atom, a hydroxyl group or a methyl group and X^ 
is a methyl group, a methoxyt group, a fluorine atom, a chlorine atom, a difluoromethoxyl group or a hydrogen atom. 

In most prefen^ed combination. is an amino group, a hydrogen atom, a hydroxyl group or a methyl groif) and X^ 
is a methyl group or a methoxyt group. 

To these R** and X^ groups. X** and X^ are preferably fluorine atoms. 

R^ is a group represented by the following formula (II) 



which Is derived from an amino-substltuted condensed-bicyclic heterocyclic compound represented by the following for- 
mula 



(though a case in which the 5-membered ring nitrogen is hydrogen-substituted is shown herein, it may be substituted 
with other substituent such as a protective group for nitrogen atom). This group has an amino group as a substituent on 
the bridge head carbon atom. In consequence, this moiety seems to have a small-membered alicyclic cyclic amine 
structure, so that the present inventors think that this structure is taking an important role for the appearance of the 
excellent properties of the compound of the present invention. 

The term "condensed-bicyclic heterocyclic oompound" as used herein means a compound which has a structure 
formed by the replacement of a ring structure-forming cart>on atom of a condensed-bicyclic hydrocarbon compound by 
a hetero atom such as a nitrogen atom or the like. 

In the above formula, R^ and R'* independently represent a hydrogen atom or an alkyl group having 1 to 6 carbon 
atoms and n is an integer of 1 or 2. The alkyl group may be either straight or branched chain having 1 to 6 cartx)n atoms, 
and Is preferably a methyl group. 

Also, R^ and R^ may be combined to from a methylene chain having 2 to 6 carbon atoms and a ring structure 
including a nitrogen atom to which R^ and R^ are bonded. 

In a preferred combination of R^ and R^ one of R^ and R^ is a hydrogen atom and the other Is an alkyl group having 
1 to 6 cart)on atoms. 

In a more preferred combination, one of R^ and R^ is a hydrogen atom and the other Is a methyl group or an ethyl 
group. 

Also, n is an integer of 1 or 2. 

The present inventors have found that the following groups are also preferable as the substituent R^. 

It is known that a quinolone derivative, which has a-aminometiiylpynolidine as a substituent. shows strong antibac- 
terial activity against Gram-positive bacteria. For example, a 7-(3-aminomethylpyn^olidinyl)quinolonecart>oxylic acid 
derivative is disclosed in ^urnal of Medicinal Chemistry, vol. 29, p. 445 (1986), and a 7-[3-(1-amino-1-methylethyl)pyr- 
rolidinyl]quinolonecart50xylic add derivative is disclosed in Journai of Medicinal Ctiemistry, vol. 37, p. 733 (1994). 

On the other hand, tiiough quinolone derivatives having a 3-aminoalkylpyrrolldinyl group on the 7-position show 
strong antibacterial activity against Gram-negative and Gram-positive bacteria, many of these compounds act upon not 
only bacteria but also eucaryotic cells because of their low selective toxicity, so that it is difficult to use them as medi- 
cines or animal drugs. 

The present Inventors have conducted intensive studies on quinolone derivatives having a 3-amlnoalky1pyrrolldinyl 
group on the 7-position. As the result, it has been found that a quinolone derivative having high antibacterial activity. 




(II) 




6 



EP0 807 630A1 

excellent safety and high selective toxicity can be obtained when both of Its 5- and 8iX)sitions of the quindone skeleton 
are substltuent groups other than a hydrogen atom. 

That is. the 3-aminoalkytpyrrolidinyl group is preferable, a pyn-olidinyt group having an aminoalkyi group on its 3- 
position represented by the following formula (IV) 



10 




(IV) 



15 which is derived from a 3-aminoalkylpyrrolidine compound represented by the following formula 



20 




25 

(though a case in which the pyrrolidine nitrogen atom is hydrogen-substituted is shown herein, it may be substituted 
with other substltuent such as a protective group for nKrogen atom). 

In the above formulae. and independently represent a hydrogen atom or an aikyi group having 1 to 3 carbon 
atoms. The alkyi group may be either straight or branched chain, and is preferably a methyl group or an ethyl group. 
30 Also. and R^ may be combined to from a methylene chain having 2 to 6 cart)on atoms and a ring structure 
including a nitrogen atom bonded to R^ and R^. 

R^ represents an alkyI group having 1 to 6 carbon atoms and R^ represents a hydrogen atom or an alkyI group hav- 
ing 1 to 6 cart)on atoms. 

In a preferred combination of R^ and R^ one of R^ and R^ is a hydrogen atom and the other is an alkyI group having 
35 1 to 3 carbon atoms. 

In a more preferred combination, one of R^ and R^ is a hydrogen atom and the other is a methyl group or an ethyl 
group. 

The pyrrolidine derivative having an aminoalkyi group on its 3-position can be produced, for example, in accord- 
ance with the method disclosed in JP-A-63-1 66876 or JP-A-3-72476. 
40 In addition, the present inventors have found that a quinolone derivative having an aminocycloalkyi group-substi- 
tuted saturated nitrogen-containing heterocyclic substltuent shows strong antibacterial activity against Gram-positive 
bacteria particularly including MRSA. 

That is. it is a case in which R^ is a saturated nitrogen-containing heterocyclic substltuent having a structure repre- 
sented by the following formula (V). 



so 




In this formula. R^ is a hydrogen atom or an alkyI group having 1 to 6 carbon atoms. The alkyI group may be either 
straight or branched chain having 1 to 6 cartx)n atoms, and is preferably methyl, ethyl, n-propyl or isopropyl group. 
R^^ is a hydrogen atom, an alkyI group having 1 to 6 cart>on atoms, a hydroxyl group-containing alkyI group having 
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1 to 6 carbon atoms or a halogen atom-containing alky! group having 1 to 6 carbon atoms. 

The aikyi group may be either straight or branched chain having 1 to 6 cartx)n atoms, and is preferably methyl, 
ethyl, n-propyl or isopropyl group. 

As the hydroxy! group-containing atkyi group having 1 to 6 carbon atoms, a 2-hydrQxyethyl group or a 3-hydroxy- 
5 propyl group is pref^^. 

As the halogen atom of the halogen atom-containing alkyi group having 1 to 6 carbon atoms. 1 to 3 fluorine atoms 
are particularly prefenred. As the halogen atom-substituted alkyI group having 1 to 6 carbon atoms, a 2-fluoroethyl 
group, a 2,2-dif luoroethyl group or a 2,2,2-trif(uoroethyl group is particularly preferred. 

Also. and R^^ may be combined to from a methylene chain having 2 to 6 cart)on atoms and a ring structure 
10 including a nitrogen atom bonded to R^ and R^^. 

In a preferred combination of R^ and R^^, one of R^ and R^^ is a hydrogen atom and the other is an alkyI group 
having 1 to 6 carbon atoms, or R^ is a hydrogen atom and R^° is a hydrcxyl group-containing alkyI group having 1 to 6 
carbon atoms. 

In a more preferred combination, one of R^ and R^° is a hydrogen atom and the other is a methyl group or an ethyl 
15 group, or R® is a hydrogen atom and R^° is a 2-hydroxyethyl group. 

Also, p is an integer of 1 to 3, preferably 2, and q Is an integer of 1 to 3. preferably 1 or 2. 
Binding with R^ at the 7-position of the mother nucleus of the quinolone compound may be effected most preferably 
on the R^ ring structure-fbnning nitrogen atom, but also on a cart>on atom of R^. 

When stereoisomerism is present in R^ and the quinolone mother nucleus conrpound is allowed to react directly 
20 with a mixture of stereoisorriers of the compound represented by formula R^-H , which is the source of the substituent 
R^, the formed quinolone derivative becomes a mixture of diastereomers.due to the 1,2-cis-2-halogehocyclopropyl 
group at the 1 -position. Because of this, when stereoisomerism is present in R^, it is desirable to allow only one of the 
isomers of the R^-H compound to be reacted with the quionotone mother nucleus compound. 

When R^ is Introduced into the 7-position of the quinolone and the R^*H compound contains an amino group, the 
25 amino group may be subjected to the reaction as a compound converted into an ordinary protective group. 

Examples of such protective groups include alkoxycarbonyl groups such as tertiary butoxycarbonyl, 2.2.2-trichlo- 
roethQxycaftx)nyl and the like, aralkyloxycarbonyl groups such as benzyloxycarbonyl, paramethoxybenzyloxycarkx)nyl, 
paranitrobenzyloxycartxinyi and the like, acyl groups such as acetyl, methoxyacetyl. trifluoroacetyl, chloroacetyl, pival- 
oyl, formyl, benzoyl and the like. alkyI or aralkyi groups such as tertiary butyl, benzyl, paranitrobenzyt, paramethoxyben- 
30 zyl, triphenylmethyl and the like, alkylsuHbnyl groups or halogenoalkytsulfbnyl groups such as methanesuHbnyl, 
trifluoromethanesulfbnyl and the like, and arylsulfonyl groups such as benzenesulfbnyl, tduenesulfonyl and the like. 
Next, the halogenocyclopropyl group at the -position is described. 

Examples of the halogen atom to be substituted include a fluorine atom and a chlorine atom, of which a fluorine 
atom is particularly prefen-ed. 

35 With regard to the stereochemical environment in this moiety, it is particularly desirable that the halogen atom and 
the pyridonecarboxylic acid moiety take a cis configuration against the cyclopropane ring. 

So-called enantiomeric isomers are formed only by this 1 -position cis-2-halogenocyctopropyl moiety independent 
of the stereoisomerism of substituent groups at other positions, particularly R^ at the 7-position. Strong antibacterial 
activity and high safety have been found in each of these Isomers. 

40 When ^e compound (I) of the present invention has a structure in which diastereomers exist and such a compound 
of the present invention is administered to human and animals, it is desirable to administer a compound comprising a 
pure diastereomer. The term "comprising a pure diastereomer" means not only a case in which the other diastereomer 
is entirely absent but also a case of chemically pure degree. In other words, the other diastereomer may be contained 
in such a degree that it does not exert influences upon physical constants and physiological activities. 

45 Also, the term "stereochemically pure" means that when a compound has a plurality of Isomeric species due to its 
asymmetric cart>on atom, the compound is composed of only one of these species. The term "pure" in this case can 
also be considered In the same manner as described above. 

The pyridonecarboxylic actd derivative of the present invention may be used as its free form, or as an acid addition 
salt or a salt of its cart)Q)^ group. Examples of the acki addition salt include inorganic acid salts such as hydrochloride, 

50 sulfate, nitrate, hydrobromide, hydroiodide, phosphate and the like and organic acid salts such as acetate, methanesul- 
fonate, benzenesulfbnate. toluenesulfonate, citrate, maleate, fumarate, lactate and the tike. 

The salt of cart>oxyl group may be any one of inorganic and organic salts such as lithium salt, sodium salt, potas- 
sium salt and the like alkali metal salts, magnesium salt, calcium salt and the like alkaline earth metal salts, amnfV)nium 
salt, triethylamlne salt. N-methylglucamine salt. tris-(hydroxymethyl)aminomethane salt and the like. 

55 In addition, these free form, add addition salts and cart)oxyl group salts of the pyrMonecarboxylic ackJ derivative 
may be present as hydrates. 

On the other hand, quinolone derivatives, in which the carboxytic add moiety is an ester, are useful as synthetic 
intermediates and prodrugs. For example. alkyI esters, benzyl esters, alhoxyalkyi esters, phenylalkyi esters and phenyl 
esters are useful as synthetic intermediates. 
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Examples of esters to be used as prodrugs are those which are easily hydrolyzed in the living body to form a free 
cart>oxylic add, such as acetoxymethyl ester, pivatoiloxymethyl ester, ethoxycarbonyl ester, choline ester, dimethylami- 
noethyl ester, S-indanyl ester, phthalidinyl ester and oxoalkyl esters such as 5-alkyl-2-Qxo-1.3<Jioxol-4-yl methyl ester. 
3-acetQxy-2-Qxobutyl ester and the like. 

The compound of the present invention represented by the formula (1) can be produced by various methods. In a 
preferred example, it can be produced by allowing the compound of the formula R^-H (wherein is as defined in the 
foregoing in relation to the formula (I), except that the amino group may be protected by a protective group Rx of the 
nitrogen atom), or an acid addition salt thereof to react with a compound (a quionoione mother nucleus compound) rep- 
resented by formula (VI): 



0 0 




(VI) 



wherein X Is a substituent which serves as a leaving group, for example, a fluorine atom, a chlorine atom, a bromine 
atom, an alkylsulfonyl group having 1 to 3 carbon atoms or arytsulfonyl groups such as a benzenesulfonyl group, a tol- 
uenesulfbnyl group and the like, R is the same R defined in the formula (I) or a group represented by formula {VI I): 

"~fi>^Dl2 (VII) 



wherein each of R^^ and R^^ is a fluorine atom or a lower alkylcarbonyloxy group, 
and X\ X^, R'* and A are as defined In the formula (I). 

The protective group Rx of the nitrogen atom is any group generally used In this field, and examples of such pro- 
tective group Include alkoxycarbonyl groups such as tertiary butoxycarbonyl, 2,2.2-trichloroethoxycarfoonyl and the like, 
aralkyloxycarbonyl groups such as benzyloxycarbonyl, paramethoxybenzyloxycarbonyl, paranitrobenzytoxycarbonyl 
and the lito, acyl groups such as acetyl, methoxyacetyl, trifluoroacetyl, chloroacetyl, pivaloyi, formyl, benzoyl and the 
like, alkyi or aralkyi groups such as tertiary butyl, benzyl, paranitrobenzyl, parametho)^enzyl, triphenylmethyi and the 
like. alMsulfonyl or halogenoalkylsulfbnyl groups such as methanesulfonyl. trifluoromethanesulfbnyl and the like, and 
arylsuifonyl groups such as benzenesulfonyl. toluenesulfbnyl and the like. 

When R is a carboxylic add derived from an aralkyi group comprising an alky! group having 1 to 6 cartx)n atoms, 
an alkoxymethyl group having 2 to 7 carbon atoms or a group composed of an alkylene group having 1 to 6 carbon 
atoms and phenyl group, the compound of interest represented by the formula (I) can be obtained by carrying out con- 
version into corresponding carboxylic add under acidic or basic conditions which are common In the hydrolysis of car- 
boxylic acki esters and. if necessary in such case that the other substituents are protected, removing the protective 
group under corresponding suitable conditions. 

When R in the compound of the formula (VI) is a group represented by the aforementioned formula (VII). its con- 
version into corresponding carboxylic add can be made by firstly carrying out its substitution reaction with the com- 
pound R^-H and then treating with an addic or basic compound. 

Substitution reaction of the compound of formula (VI) with the compound of R^-H can be carried out with or without 
a solvent. When a solvent is used, it may be inert under the reaction conditions. Examples of suitable solvents include 
dimethyl sulfoxide, pyridine, acetonltrile, ethanol. chloroform, dimethyHbrmamkJe, dimethylacetamide, N-methylpyrro- 
Mone, tetrahydrofuran, water, 3-methaxybutanol and mixtures thereof 

The reaction can be can'ied out at a temperature of generally from room temperature to 200''C, preferably from 25 
to 1 50''C. The reaction time is 30 minutes to 48 hours, and the reaction is completed generally in a time of from 30 min- 
utes to 2 hours. 

It is advantageous to carry out the reaction in the presence of an add receptor which indudes inorganic bases such 
as carbonates or hydrogencarbonates of alkali metals or alkaline earth metals and organic basic compounds such as 
triethylamine, pyridine and the like. 
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The following describes examples of the synthesis of amino-substituted oondensed-bicyclic heterocyclic com- 
pounds. For example, 1 •tert-butoxycartMnylamino-3-((1S)-phenylethyl]-3-azabicyclo[3.1.0]hexane comprising a stereo- 
chemically pure isomer can be obtained the fbHowng method. 



NH, 



OH 



.CN 



OH 

HO^^CN 



PhiP, CBr4 



N 

N^''^Ph 



TMSjNNa 



CN 



A^COOH 

^ /~Y DPPA, EljN 1)c.HCI 

N 2) BocjO, ElaN 

V' Ph 



A^NHBoc 
\»''^Ph 



Hj/Pd-C /Xr 



NHBoc 



That is. (S)-(-)'phenylethylamine is allowed to react firstly with glycidol using ethanol as a solvent and then with 
acrylonitrile to give N-(2-cyanoethyl)-N-[(1 S)-phenylethyl]-3-amino-1 ,2-propanedio). This compound is allowed to react 
with triphenylphosphine and cart>on tetrabromide to give N-(2-cyanoethyO-N-[(lS)-phenylethyl]-3-amino-1,2-dibromo- 
propane. This compound is allowed to undergo reaction in the presence of a strong base'to yield 1-cyano-3-[(1S)-phe- 
nylethyl]-3-azabicyclo[3.1.0]hexane. Since this compound has phenylethyl group at the 3-position and asymmetric 
carbon atom at the 1 -position, a mixture of diastereomers is obtained. These isomers can be separated from each other 
by a silica gel column chromatography or a high performance liquid chromatography. Each of the thus obtained isomers 
is allowed to react with a base in an ordinary method to yield 3-[(1 S)-phenylethyl]-3-azabicyclo[3. 1 .0]hexane-1 -caibox- 
yiic acid. When this compound is subjected to Curtius reaction in the presence of tert-butanol. it can be converted at 
once into protected 3-[(1S)-phenylethyl]-3-azabicyclo[3.1.0]hexane-1-carbQxylic add. This reaction can be carried out 
easily when diphenytphosphorylazlde is used, but synthesis of the intermediate aside is not limited thereto and any 
ordinary synthetic method can be employed. When the phenylethyl group is removed from this compound by catalytic 
hydrogenation in an ordinary method. 1 -tert-^Qxycart)onytamino-3-azabicyclo[3. 1 .0]hexane comprising a pure optical 
isomer is obtained. 

1-Tert-butoxycarbonyl-3-azabicyclo[3.2.0]heptane which comprises stereochemically single isomer can be 
obtained, for example, by the following method. 
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(I1-CO.H KOH ^ P Et). K2C.03 ^ P , • • • 

~r^°»" PhCH3 *" ^COM^ CO2EI C0I.TFA.CH2CI2 I 

°' Ph 



2CI ^ i— UcO,Et JijNflQHfiq_^l-l-C02H DPPA. PI3N. . ^ J— l-NHBoc 
CH2CI2 ) ElOH / \ IBuOH } 



H2. Pd(0H12-C >— V-NHBoc 
MoOH 

H 



8- 



That is. 1 -bromocyclobutenecattoxylic acid ethyl ester is allowed to react with a base to yield 1 -cyclobutenecarbox- 
ylic acid. This compound is allowed to react with ethyl iodide using a base to yield 1-cyclobutenecarboxylic acid ethyl 
ester Using an add as a catalyst, this compound is allowed to react with n-butQxymethyttrimethylsilylmethyl[(S)-phe- 
nylethyl]amine to yield 3-[(S)-phenylethyi]-3-azabicyclo[3.2.0]heptane-1-cartK)xy1ic acid ethyl ester Trifluoroacetic acid 
can be exemplified as the acid to be used in this reaction. Since this compound has phenylethyl group at the 3-position 
and asymmetric carbon atom at the 1i3osition, a mixture of diastereomers is obtained. These isomers can be sepa- 
rated from each other by a silica gel column chromatography or a high performance liquid chromatography. Each of the 
thus obtained isomers is allowed to react with benzyl chlorofbrmate to give 3-benzy1oxycartx)nyl-3-azabicy- 
clo[3.2.0]heptane-1-cartx)xylic acid ethyl ester This compound is subjected to ester hydrolysis in an ordinary method 
to give 343enzyloxycartX)nyl-3-azabicyclo[3.2.0]heptane-1-carboxylic add. When this compound is subjected to Curtius 
reaction in the presence of tert-butanol, it can be converted at once into protected 1-tert-butoxycartx)nyl-3-benzyloxy- 
carbonyt-3-azabicycio[3.2.0]heptane. This reaction can be carried out easily when diphenylphosphorylazide is used, 
but synthesis of the intermediate azide is not limited thereto and any ordinary synthetic method can be employed. When 
the benzyloxycart^onyl group is removed from this compound by catalytic hydrogenation in an ordinary method, 1-tert- 
butoxycarbonyl-3-azabicyclo[3.2.0]heptane comprising a pure optical isomer is obtained. 

The following describes examples of the synthesis of the aminocycloalkyi group-substituted saturated nitrogen- 
containing heterocydic compound which is necessary for the introduction of the aminocycloalkyi group-substituted sat- 
urated nitrogen-containing heterocydic group. In the following reaction formulae or description, Me means a methyl 
group. Et means an ethyl group. Ph means a phenyl group. Z means a benzyloxycarbonyl group. Boc means a tert- 
butoxycart)onyl group. TFA means a trifluoroacetic acid and Ts means a p-toiuenesutfonyl group. In some cases, the 
arrow means a plurality of reaction steps. 

1. Production of (3R)-3-(1-aminocyclopropyl)pyrrolidine: 
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COOE1 




COOEt ^"^^ 



COOEt 




z 



HOOC 





NHBoc 



2 H 



(3R)-Ethy1 1-[(R)-1-phenylethyl]pyrrotidine-3-acetate described in U.S. Patent 621,101 is allowed to react with 
benzyl chlorocarbonate to give (3R)-ethyl 1-benzylQxycart>onylpynrolidine-3-acetate. 

Next, this compound is allowed to react firstly with a strong base and then with ethyl chlorocarbonate to give 1 - 
benzytoxycarbonyl-3-(R)-pyn'oHdiny1malonate. The conrpound is allowed to react a base to yield ethyl hydrogen 1- 
benzytoxycarbonyl-S-CRj-pyn^olidinylmalonate. 

Next, this compound is allowed to react with Eschenmoser's salt to yield ethyl 2-(1-benzyloxycarbonyt-3-(R)- 
pyrrolidinyl)acrylate. This compound is allowed to react with diazomethane using palladium acetate as a catalyst to 
give ethyl 1-{1-benzyloxycarbonyl-3-(R)-pyn'olidinyl)cydopropanecarboxylate. 

Next, this compound is converted into 1-(1'benzytoxycarbonyt-3-(R)-pyrrotidinyl)cyclopropanecarboxylic acid 
by subjecting hydrolysis with a base in an ordinary method. 

When this compound is subjected to Curtius reaction in the presence of tert-butanol. it can be converted at 
once into protected (3R)-1-benzyloxycart)onyl-3-(1-tert-butQxycarbonylaminocyclopropyl)pyrroridine. This reaction 
can be carried out easily when diphenytphosphorylazide is used, but synthesis of the intermediate aztde is not lim- 
ited thereto and any ordinary synthetic method can be employed. 

When Z is removed from the thus obtained (3R)-1-benzyloxycarbonyl-3-(1-tert-butoxycartx)nylaminocyclopro- 
pyOpyiToridine by an ordinary catalytic hydrogenation or the like means, (3R)-3-(1-tert-butoxycarbonylaminocyclo- 
propyl)pyrroridine is obtained. 

Also, a (3S)-3-(1-aminocyclopropyl)pyrroridine derivative can be obtained when (3S)-ethyl [1-(S)-phenyle- 
thyl]pyrroridine-3-acetate is used in stead of (3R)-ethy1 [1-(R)-phenylethyl]pyrroridine-3-acetate. 

Also. (3R)-1-benzyloxycart)onyl-(1-ethoxycarbonylcyclopropyl)pyrroridine can be produced in the following 
manner. 

2. Alternative method for the production of (3R)-3-(1 -aminocyclopropyl)pyrroridine: 



12 



EP0 807 630A1 




Ethyl acetoacetate is allowed to react with 1 .2-dibromoethane to obtain ethyl 1 -acetylcyciopropanecarboxylate. 
Next, ethyl 1-acetylcyclopropanecart)oxylate is allowed to react with zinc powder and ethyibronrioacetate to give 
ethyl 1 -ethoxycart}onyl-p-hyclroxy>p-methyl-cyclopropanoate. 

Next, this compound is allowed to react with thionyl chloride using pyridine as a solvent to yield 1-ethoxycarb- 
onyl-p-chloro-p-methylcyclopropanepropanoate and then with a base to obtain (E)-ethyl 3-(1-ethoxycartDonylcyclo- 
propyl)-2'butenoate. Exampies of the organic bases to be used include pyridine, 2,6-lutidine and the like aromatic 
heterocyclic compounds, as well as 1,8<liazabicyclo[5.4.0]undec-7-ene, 1 ,5-diazabicyclo[4.3.0]non-5-ene and the 
(ike organic bases. 

(E)-Ethyl 3-(1-ethoxycarbonylcyclopropyl)-2-butenoate thus obtained is allowed to react with N-bromosucdn- 
imide to give (E)-ethyl 4-bromo-3-(1-ethoxycarbonylcyclopropyl)-2-butenoate which Is then allowed to react with 
(S)-phenylethylamlne to yield 4-(1-ethoxycart)onylcyclopropyl)-1-[(S)-1-phenyl6thyl]-3-pyrrolln-2-one. This com- 
pound is subjected to an ordinary catalytic hydrogenation to obtain 4-(1-ethQxycarbonylcyclopropyl)-1-[(S)-1i3he- 
nylethyl]-2-pyrrolidone. This compound is a diastereomer mixture due to the presence of (S)-phenylethyl group on 
the 1 -position. Separation of this mixture can be effected by a fractional reaystaliization or a silica gel column chro- 
matography. 

The thus separated (4R)-4-(1-ethoxycarbonylcyclopropyl)-1-[(S)-1-phenylethyi]-2-pyn'olidone is allowed to 
react with Lawesson reagent to give (4S)-4-(1-ethoxycarbonylcyclopropyl)-1-[(S)-1i3henylethyl]-2-pyn'o!idi- 
nethione. This reaction can also be effected using phosphorus pentasuK ide. 

The thus obtained (4S)-4-(1-ethoxycarbonylcyclopropyi)-1-[(S)-1-pheny1ethyl]-2-pyn'olidinethione is allowed to 
react with Raney nickel and then with benzyl chloroformate to yield (3R)-1-benzyloxycarbonyl-(1-ethoxycarbonyl- 
cyciopropyl)pyrroiidine. 

Thereafter, (3R)-3-(1 -aminocyclopropyl)pyn'olidine is obtained by the aforementioned reaction. 

(3R)-3-(1 -AlkylaminocyclopropyOpyrrolidine or (3R)-1 -(1 -(N-tert-butQxycarbonyl-N(2-hydroxye- 
thyl)amino)cyclopropyl]pyn'olidine can be synthesized in the following manner. 
3. Production of (3R)-3-(1 -substituted aminocyclopropyl)pyrrolidine: 
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In order to obtain (3R)-3-(1-methylaminocyclopropyl)pyrrolicline, (3R)-1-benzylQxycarbonyl-3-(1-tert-butoxy- 
carbonylaminocyclopropyl)pyrrolidine is firstly allowed to react with methyl iodide and silver oxide in N,N-dimethyl- 
fbrnnamide to obtain (3R)-14)enzylQxycarbonyl-3-[1-(N-tert-butoxycarbonyl-N*niethyOanriinocyclopropyqpyTO^ 

(3R)-1-Benzy1oxycarbonyl-3-[1-(N-tert43utQxycaitonyl-N-ethyQaminocyclopr^^ can be obtained 

when ethyl iodide is used instead of methyl iodide. 

Thereafter, Z is removed from this compound by an ordinary catalytic hydrogenation to give (3R)-3-(1 -alkylaml- 
nocyclopropyl)pyrrolidine. 

In order to obtain (3R)-1-[1-(N-tert-butoxycart)onyl-N-(2-hydroxyethyl)amino)cyclopropyl]pynrolidine. Boc is 
firstly removed from (3R)-1 -benzyloxycartx}nyl-3-(1 -tert-butoxycarbonylaminocyclopropy1)pyrrolidine by its reaction 
under an acidic condition using trifluoroacetic acid, hydrochloric add or the like, and the product is then allowed to 
react with benzyloxyacety) chloride in the presence of triethylamine or the like add-removing agent to yield (3R)-3- 
[1-(benzy!oxyacetyl)aminocyc!opropyl]-1-benzyioxycartx)nylpyn'olidine. 

By redudng this compound with borane-tetrahydrofuran complex and then adding Boc thereto. (3R)-1-benzy- 
loxycarbonyl-3-[1 -(N-2-benzyloxyethyl-N-tert-butoxycarbonyl)aminocydopropyl]pyrrolkline is obtained. 

Thereafter, the benzyl group and Z are removed from this compound by an ordinary catalytic hydrogenation to 
give (3R)-1 -[1 -(N-tert-butoxycarbonyl-N-(2-hydrQxyethyOamino)cydopropyl]pyrrolidine. 

3-(1 -Tert-butQxycart>onylaminocydobutyl)pyrrolidine can be produced, for example, by the following method. 
4. Production of 3-(1-tert-butoxycarbonylcmiinocyclobutyl)pyrrolidine; 
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OH ^NO* 
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H 



Ethyl hydrogen 1,1-cydobutaneclicarfooxylate is allowed to react with diphenylphosphoric acid azide together 
with triethyiamine or the like acid-removing agent using tert-butanol as the solvent to give ethyl 1 -tert-butQxyc£irtx>- 
nylaminocyclobutanecarfooxylate. 

The ester of this compound is hydrolyzed under an alkaline condition to give 1-tert-butoxycarbonylamlnocy- 
clobutanecartx)xyllc acid. This compound is allowed to react with 1 ,1'-cart)onyldiimidazole. dicyclohexylcarfoodiim- 
ide, chlorocarbonic acid ester or the like to give an active ester or an acid anhydride mixture and then with 
magnesium salt of ethyl hydrogen malonate to yield ethyl l-tert-butoxycarbonylamino-p-oxocyclobutanepro- 
panoate. 

This compound is reduced with sodium borohydride to yield ethyl 1-tert-butoxycarbony1amino-p-hydroxycy- 
clobutanepropanoate. 

This compound is converted into sulfonate by allowing it to react with methanesuifonyl chloride or p-toluenesul- 
fbnyl chloride using triethyiamine. pyridine or the like base as an acid-removing agent, and the resulting compound 
is then allowed to react with pyridine, 2.6-lutidine or the like aromatic heterocyclic compound or 1,8<liazabicy- 
clo[5.4.0]undec-7-ene. 1 .5-diazabicyclo[4.3.0]non-5-ene or the like organic base to give ethyl 1-tert-butQxycarbo- 
nylaminocyclobutanepropenoate. 

This compound can also be synthesized by converting the alcohol into a halkie using thionyl chloride or thionyl 
bromide and then allowing the product to react with the aforementioned base. 

This compound is allowed to react with nitromethane in the presence of a base to give ethyl 3-(1-tert-butoxy- 
carbonytaminocyclobutyl)-4-nitrobutanoate. Examples of the base to be used in this reaction include 1,1,3,3- 
tetramethylguanidine, 1 .8-diazabicyclo[5.4.0]undec-7-ene and the like organic bases. 

This reaction can be candied out using a solvent or nitromethane as the solvent. Examples of the solvent to be 
used in this reaction are those which are inert under the reaction conditions, such as benzene, toluene and the like 
aromatic compounds, chloroform, dichloromethane and the like chlorine-based compounds or diethyl ether, tet- 
rahydrofuran and the like ether compounds. 

When the thus obtained ethyl 3-(1-tert-butoxycart)onylaminocyclobuty1)-4-nitrobutanoate is subjected to usu- 
ally used catalytic hydrogenation. 4-(1-tert-butoxycarbonylaminocyclobutyl)-2-pyn^olidone cydized at once after 
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reduction of nitro group into amino group is obtained. 

When uncyclized 4-anfiino-3-(l-tert-butoxycartx>nytaminocyclobutyl)butanoate is present, it can be converted 
into 4-(1-tert-buta)(ycarbonylaminocydobutyl)-2-pyrrolidone by heating It with or without using benzene, toluene or 
the like solvent. 

In this cyclization reaction, sodium ethyiate, potassium butylate or the like base can be used. 

Next. 4-(1-tert-butoxycai1)onylaminocyclobutyl)-2-pyn'olidone is allowed to react with benzyl bromide or benzyl 
chloride using a base to yield 1-benzy1>4-(1*tert-butoxycarbonytaminocyclobutyl)-2-pyrrolidona 

This compound is treated under an acidic condition to remove Boc, thereby obtaining 4-(1 -aminocyclobutyl)-1- 
benzyl-2-pyn'olidone. This reaction can be carried out using any usually used method for the renrx>val of Boc. 

4-(1 -Aminocyclobutyl)*1 -benzyl-2-pyrrolidone trrfluoroacetate can be used in the following reaction as an acid 
addition product such as trif luoroacetate or as its free form which can be obtained by neutralizing it in the usual way 
after the reaction. 

4-(1-Aminocyclobutyl)-1-benzyl-2-pyrrolidone trrfluoroacetate Is allowed to react with D-(R)-Ni3-toluenesulfo- 
nylprotine add chloride in the presence of pyridine or the like acid-removing agent to give 1-benzyl-4-[HN*-p-tol- 
uenesulfonyl-2-(R)-pyrrolidinecaii3onyqaminocyck>butyl]-2-pyrro^ which is then separated into 2 
stereoisomers. 

Separation of the isomers can be effected by a silica gel column chromatography or a high performance liqukl 
chromatography. 

Each of the thus separated isomers is hydrolyzed with an acid to give optically active 1-benzyl-4-(1-aminocy- 
clobutyl)-2-pyrrolidone. Each of the optical isomers is allowed to react with lithium aluminum hydride to yield 1-ben- 
zyl-3-(1-aminocyclobuty()pyrrolidine which is subsequently allowed to react with di-tert-butyldicarbonate to give 1- 
benzyl-S-CI-tert-butoxycarbonylaminocydobutyOpyn^olidlne. 

When this compound is subjected to catalytic hydrogenation in an ordinary method, optically active 3-(1-tert- 
butoxycarbonylaminocyclobutyl)pyn'olidine is obtained. 

3-(1-Tert-butoxycart)onylaminocydopropyl)azetidinecan be produced, fbr example, by the fbllowing method. 
5. Production of 3-(1-tert-butoxycart3onytaminocyck)propyl)azetidine: 



OTs ElOOC COOrt EtOOC COOEt 



EtOOC COOH EtOOC ' ElOOC 




HOOC A BocHN A SocHN^ 

2 Z H 



1-Benzhydryl-3-hydroxyazetidine is allowed to react with p-toluenesulfonyl chloride using an acid-removing 
agent to give 1-benzhydryl-3-(p-toluenesulfonyloxy)azetidine. This compound is allowed to react with diethyl 
malonate in the presence of a base to give diethyl (1-benzhydryl-3-azetidinyl}malonate. 

This compound is allowed to react with benzyl chloroformate to yield diethyl (1-benzylQxycarbonyl-3-azetidi- 
nyl)malonate which is then subjected to partial ester hydrolysis to obtain ethyl hydrogen (1-benzyloxycarbonyl-3-aze- 
tidinyl)matonate. 
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When this compound is allowed to react with Eschenmoser's salt, ethyl 2-(1-ben2yloxycart)onyl-3-azetidinyl)acr- 
ylate is obtained. Using a base, this conrtpound is allowed to react with trimethylsulfoxonium iodide to give ethyl 1-(1- 
benzylQxycarbonyt-3-azetldinyf)cyclopropanecarboxylate. 

This compound is hydrolyzed to yield 1-(1-ben2yloxycarbonyl-3-azetidinyl)cydopropanecarboxylic acid which is 
5 then allowed to react with diphenylphospholic acid azide in the presence of a base using t-butanol as the solvent to yield 
1-benzyloxycarbonyl-3-(1-tert-butQxycart)onylaminocyclopropyl)azetidine. When this compound is subjected to cata- 
lytic hydrogenation in an ordinary method. 3-(1-tert-butoxycaitonylaminocyclopropyl)azetidine is obtained. 

A quinoione compound having a substituent group represented by the formula (IV) or (V) can be produced in the 
same manner as the case of the production of quinoione compound having the substituent group of formula (II). 
10 On the other hand, synthesis of a compound of formula (VIII) comprising a single isomer from an optically active 
ci8-2-f luorocyclopropylamine derivative can be carried out, for example, in accordance with the method disclosed In JP- 
A-2-231475. 




55 



6,7,8-Trifluoro-H(1R,2S)-2-fluorocyclopropyQ-1.4-dihydro-5-hydroxy-4K)xoquinoline-3-cart^ as a member 
of the compound represented by formula (VIII) can be synthesized in the following manner. 

Ethyl 2,3,4.5.6-pentafluorobenzoylacetate is allowed to react with N.N-dimethylformamide dimethylacetal and then 
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with (1R.2S)-2-fluorocyclopropy1amine p-toluenesuKbnate in the presence of triethylamine or the like acid-removing 
agent, thereby ethyl 5,6J.8-tetrafluoro-1'[(1R.2S)-2-fiuorocydopropyq-1,4<ilhydro-4K>xoquinoline^-cart>oxylate is 
obtained. 

This compound is allowed to react with benzyl alcohol in the presence of a base to give ethyl 5-benzyloxy-6.7,8- 
trifluoro-1-[(1R.2S)-2-fluorocyclopropyl)-1.4<lihydro-4K3xoquinoiine-3-cart)Qxylate. This reaction can be carried out in 
accordance with any known method in this field. Examples of the base useful in this reaction Include sodium hydride, 
potassium carixnate, sodium hydroxide and potassium hydroxide. 

When this compound is treated under an acidic condition. 6.7,8-trifluoro-1-[(1R.2S)-2-fluorocyclopropyi]-1,4-dihy- 
dro-5-hydroxy-4-oxoquinollne-3-cartx)xylate is obtained. 

A member of the compound of formula (VIII) in which R^ is amino group and is a lower alkyi group can be 
obtained in the same manner as descnbed above, using 2.4,5-trifluoro-6-nitrobenzoic acid having a tower alkyl group 
on its 3-position, as a starting material which is obtained by subjecting 2,4.5-trifluorobenzoic acid having a lower alkyl 
group on its 3-position to nitration in the usual way 




.COOH 



Though 3-methyl-2,4.5-trifluorobenzoic add can be produced in accordance with the method disdosed in JP-A-61- 
205240 or JP-A-3-951 76, it can be synthesized more easily by the following method. 



COOH 
F^Js^COOH 

F 



COOMe 
JL ^COOMe 




COOMe 
F-vJs.^COOMe 

EtOOC^COOEt 



COOH 
^COOH 



F^^^v^COOH 



That is. a 3.4,5,6-tetrafluorophthalic acid diester Is allowed to react with a maionic acid diester using a base to give, 
for exanple. diethyl 4-diethoxycarbonytmethyl-3.5,6-trifluorophthalate. 

The base, which can be used in this reaction, may be either an inorganic base or an organic base, and examples 
of the inorganic base indude hydroxides, carbonates, hydrogen-carbonates and the like of alkali metals, such as lithium 
hydroxide, sodium hydroxide, potassium hydroxide, lithium cart>onate. sodium carbonate, potassium carbonate, sodium 
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bicartx)nate. potassium bicarlsonate and the like. Phase-transfer catalysts such as quaternary anunonium satis and the 
like can also be used in this reaction. 

Examples of the organic base include trialkytamines such as triethylamine. tripropylanfiine, tributylamine. N.N-diiso- 
propyiethytamine and the like, dialkylanilines such as diethylaniline. dimethylaniline and the like and saturated or aro- 
5 matic heterocyclic compounds such as N<methylmorpholine. pyridine. N,N-dimethylaminopyridine and the like. 

When a solvent is used, it may be inert under the reaction conditions. Examples of suitable solvent include dimethyl 
sulfoxide, pyridine, acetonitrile, ethanol. chloroform, dimethylformamide, dimethylacetamide. N-methylpyrrolidone. tet- 
rahydrofuran. benzene, toluene, water and mixtures thereof. 

The reaction can be carried out at a temperature of generally from 0 to ISO^'C. preferably from 25 to 100^*0. 
10 Next, diethyl 4<iiethoxycarbonylmethyl-3.5.6-trifluorophthalate is hydrolyzed under an acidic or basic condition to 
yield 4-carboxymethyl-3.5,6-triftuorophthalic acid. 

Examples of the acid to be used in this reaction include concentrate sulfuric acid and concentrated hydrochloric 
acid. Examples of the base include inorganic bases such as hydroxides, caitonates, hydrogencart)onates and the like 
of alkali metals, including lithium hydroxkfe, sodium hydroxkje, potassium hydroxide, lithium cart>onate. sodium cartx)n- 
IS ate, potassium cart)onate. sodium bicartx)nate, potassium bicart>onate and the like. 

The thus obtained 4-cart30xymethyt-3.5.6-trifluorophthaIic acid is heated in dimethyl sulfoxide in the presence of a 
base to give 3-methy1-2,4,5-trifluorobenzoic acid. 

Examples of the organic base to be used in this reaction include trialkylamines such as triethylamine, tripro- 
pylamine. tributylamine. N,N<iiisopropylethylamine and the like, dialkylanilines such as diethylaniline. dimethylaniline 
20 and the like and saturated or aromatic heterocyclic compounds such as N-methylmorpholine, pyridine. N,N-dimethyl- 
aminopyridine and the like. 

TTie reaction can be candied out at a temperature of generally from 1 00 to aoO'^C, preferably from 1 00 to 1 SO'^C. The 
reaction may be earned out for 1 to 98 hours, but it will be completed generally within 5 to 48 hours. 

This production process can be carried out in the same manner when 3,4,5.6-tetrafluorophthalonitrile is used 
25 instead of 3,4,5.6-tetrafluorophthallc ackJ diester as the starting material. Also, malononitrile may be used instead of 
malonic acid diester, and an alkylmalonic acid diester and an alkylmalononitrile are useful for the production of a 3-alkyl- 
2,4,5-trifluoro-6-nitrobenzolc acid which has an alkyi group other than methyl group. 

Since the compound of the present invention shows strong antibacterial actions, it can be used as medicines for 
human, animals and fishes or preservatives of agricultural chemicals and food. 
30 When the compound of the present invention is used as a medicine in human, its dose may be in the range of from 
50 mg to 1 g. preferably from 100 mg to 300 mg, per adult per day 

When used in animals, its dose varies depending on the purpose of administration (treatment or prevention), kind 
and size of each animal to be treated, kind of infected pathogenic bacterium and degree of the Infection, but is generally 
in the range of from 1 to 200 mg. preferably from 5 to 100 mg. per day per 1 kg of animal body weight. 
35 The dally dose may be used once a day or divided into 2 to 4 doses per day. If necessary, the daily dose may 
exceed the range recited above. 

Since the compound of the present invention is active upon a broad range of microorganisms which cause various 
types of infectious diseases, it can heal, prevent or alleviate diseases caused by these pathogenic microorganisms. 

Examples of bacteria and bactericidal microorganisms sensitive to the compound of the present invention include 
40 the genus Staphylococcus » Streptococcus pyogenes, hemolytic streptococcus, enterococcus. pneumococcus, the 
genus Peptostreptocoocus, gonocoocus. Escherichia coli, the genus Cltrobacter, the genus Shigella, Friedlander's 
bacillus, the genus Enterobacter, the genus Serratia, the genus Proteus, Psuedomonas aeruginosa, Haemophilus 
influenzae, the genus Acinetobacter, the genus Campylobacter, Chlamydia trachomatis and the like. 

Examples of diseases caused by these pathogenic microorganisms Include fdliculitis, furuncle, cartxjncle. erysip- 
45 elas, phlegmon, lynrphangitis, felon, subcutaneous abscess, hkJradenitis. acne, infectious atheroma, perirectal 
abscess, mastitis, superficial secondary Infections such as of injury, burn injury, operative wound and the like, pharyn- 
golaryngltis. acute bronchitis, tonsillitis, chronic bronchitis, bronchiectasis, diffuse panbronchiolitis, secondary infection 
of chronic respiratory disease, pneumonia, pyelonephritis, cystitis, prostatitis, epididymitis, gonococcal urethritis, non- 
gonococcal urethritis, cholecystitis, cholangitis, badllary dysentery, enteritis, uterine adnexitis, intrauterine infection. 
50 bartholinitis, bl^harltis, hordeolum, dacryocystitis, tarsadenitis. corneal ulcer, otitis media, sinusitis, periodontium 
inflammation, pericrown inflammation, jaw inflammation, peritonitis, endocarditis, sepsis, meningitis, dermal infection 
and the like. 

The compound of the present invention is also effective against various microorganisms which cause infectious dis- 
eases in animals, such as those which belong to the genera Escherichia, Salmonella, Pasteurelle, Haemophilus, 
55 Bordetella. Staphylococcus, Mycoplasma and the like. Illustrative examples of such diseases include coll bacillosis, 
pullorum disease, chicken paratyphoid fever, fowl cholera, infectious coryza. staphylococcal infection, mycoplasma 
infection and the like in the case of birds, coli bacillosis. salmonellosis, pasteurellosis. haemophilus infection, atrophic 
rhinitis, exudative epidermis, mycoplasma infection and the like In the case of swine, coii bacillosis, salmonellosis, hem- 
orrhagic sepsis, mycoplasma infection, bovine pleuropneumonia, bovine mastitis and the like in the case of cattle, coli 
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sepsis, salmonella infection, hemorrhagic sepsis, uterine empyema, cystitis and the like in the case of dogs, and exu- 
dative pleurisy, cystitis, chronic rhinitis, haemophilus infection, kitten dianrhea, mycoplasma infection and the like in the 
case of cats. 

The antibacterial agent, which comprises the compound of the present invention, can be prepared making use of 
5 various commonly used pharmaceutical drug preparation methods by selecting appropriate dosage form correspond- 
ing to each administration method. Examples of the dosage form of the antibacterial agent which contains the com- 
pound of the present invention as the active component include oral preparations such as tablets, powders, capsules, 
solutions, syrups, elixirs, oily or aqueous suspensions and the like. 

When used as injections, tiie preparation may contain a stabilizing agent, an antiseptic agent and a solubilizing 
10 agent. As occasion demands, a solution which may contain such auxiliary substances may be packed in containers and 
made into a solid preparation by f reeze<lrying or the like means to be dissolved again before its use. Also, a container 
may be packed with a single dose or multiple doses. 

The antibacterial agent of ttie present invention may also be made into preparations for external use such as solu- 
tions, suspensions, emulsions, ointments, gels, creams, lotions, sprays and the like. 
75 Solid preparations contain pharmaceutically acceptable additives together witii the active compound and can be 
produced by mixing tiiese additives optionally selected, for example, from fillers, extenders, binders, disintegrating 
agents, solubilizing agents, moistening agents, lubricants and the like. 

Liquid preparations include solutions, suspensions, emulsions and the like which may contain suspending agents, 
emulsifying agents and the like as additives. 
20 When tiie compound of the present invention is applied to animals, it may be effected, for example, by a metiiod in 
which ttie compound is orally administered directly or after adding it to feed, by anotiier metiiod in which the compound 
is made into a solution and then orally administered directly or after adding it to drinking water or feed or by injection. 

When the compound of the present invention is administered to animals, it can be made optionally into powders, 
fine subtilaes. dissolvable powders, syrups or injections in accordance with usually used techniques in this field. 
25 Examples of tiie formulation of pharmaceutical preparations are shown below. 





Preparation Example 1 (Capsules): 


30 


Compound of Inventive Example 2 


100.0 mg 




Corn starch 


23.0 mg 




CMC calcium 


22.5 mg 




Hydroxymethylceltulose 


3.0 mg 


35 


Magnesium stearate 


1.5 mg 




Total 


150.0 mg 


40 








Preparation Example 2 (Solution): 


45 


Compound of Inventive Exanrple 2 


1 - log 




Acetic add or sodium hydroxide 


0.5 - 2 g 




Ethyl paraoxybenzoate 


0.1 g 




Purified water 


88.9 - 98.4 g 


50 


Total 


100 g 



55 
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Preparation Example 3 (Powder tor feed mixing use): 


Cortpound of Inventive Example 2 

Corn starch 

Soft silicic antiydride 


1 -lOg 
98.5 - 89.5 g 
0.5 g 


Total 


100 g 



BEST MQPE FOR CARRYING OUT INVENTION 

IS 

The following Inventive and Reference Examples are provided to further illustrate the present invention, but not by 
way of limitation. The antibacterial activity of optically active compounds of interest was tested in accordance with the 
standard method designated by Japan Society of Chemotherapy. The results are shown in Table 1 as MIC (^ml). 

20 Reference Example A-1 : 

N-(2-CyanQethylVN*f(1S)-ph6nylethyll-3-amino-1.2-propanediol 

Glycidol (37 g, 0.5 mol) was added to an ethanol (500 ml) solution of (S)-(-)-phenylethylamine (75 ml, 0.58 mmol) 
25 under Ice cooling, and the mixture was stinred tor 20 minutes at room temperature and then heated under reflux tor 62 
hours. After adding acrylonitrile (40 ml) thereto, the reaction mixture was heated under reflux for 45 hours and then con- 
centrated. Thereafter, the resulting residue was applied to a silica gel column chromatography and eluted with 5% 
methanol-chloroform to yield 121 g (84%) of the title compound. 

30 ^H-NMR(CDCl3)6: 

1.41-1 .48 (3H. m), 2.39 - 2.50 (2H, m). 2.60 - 3.25 (4H, m), 3.41 - 3.46 (1H, m), 3.68 - 3.78 (2H. m). 3.93 - 
4.02 (1H. m), 7.27 - 7.40 (5H. m). 

Reference Example A-2: 

35 

N-(g-CyanQrthYl)-N-f(1 S)-phenvlgthyi1-3-amino-i .g-dibromoprppane 

To a solution of N-(2-cyanoethyl)-N-[(1S)-phenylethyl]-3-amino-1,2-propanediol (24.8 g, 0.1 mol) in benzene (400 
ml) were added triphenylphosphlne (57.71 g, 0.22 mol) and carbon tetrabromide (73 g. 0.22 mol). With stirring, the 
40 resulting mixture was heated to go^'C. After separating the supernatant fluid and evaporating the solvent, the resulting 
residue was applied to a silica gel column chromatography and eluted with n-hexane-ethyl acetate (4:1) to yield 38 g 
(100%) of the title conpound. 

1H-NMR(CDCI3)5: 

45 1.43 - 1.46 {3H, m), 2.35 ■ 2.44 (2H. m). 2.82 - 2.96 (3H, m), 3.14 - 3.27 (1H, m), 3.67 - 4.15 (4H, m). 7.27 ■ 

7.40 (5H, m). 

Reference Example A-3: 

so 1 -Cvano-S-Tf 1 SVphenviethvU-S-azabicvclors. 1 .Olhexane 

To a solution of N-(2-cyanoethyl)-N-[(1S)-phenylethyf]-3-amino-1,2-cfibromopropane (37.4 g, 0.1 mol) in toluene 
(700 ml) cooled in an ice bath was added dropwise 1 M tetrahydrofuran solution of sodium (bistrimethylsilyl)amide (220 
ml, 0.22 mol), followed by 20 minutes of stinging. After completion of the reaction, saturated ammonium chloride aque- 
55 ous solution (100 ml) was added dropwise to the reaction solution which was subsequently warmed to room tempera- 
ture. The organic layer was separated, washed with saturated brine and then dried over sodium sulfate. After 
evaporation of the solvent, the resulting residue was applied to a silica gel column chromatography and eluted with n- 
hexane-ethyl acetate (9:1) to yield 7.93 g (37%) of low polarity fraction (Fr. 1) of the title compound and then 7.85 g 
(36%) of high polarity fraction (Fr. 2) of the title compound. 
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R.I: 

iH-NMR(CDCl3)6: 

1 .09 (1 H. dd. J = 4.5. 8.3 Hz), 1 .29 (3H, d. J = 6.4 Hz). 1 .57 (1 H, t, J = 4.5 Hz), 1 .95 - 1 .99 (1 H, m), 2.27 
5 . (1 H, dd. J = 3.9. 9.8 Hz). 2.61 (1 H, d. J = 8,8 Hz). 2.68 (1 H. d. J = 9.8 Hz). 3.33 - 3,38 {2H. m). 7.21 - 7.31 (5H, 

m). 

Fr.2: 

10 ^H-NMR(CDCi3)5: 

1.09 (1H. dd. J a 4.9. 8.3 Hz), 1.29 (3H. d. J » 6.4 Hz). 1.55-1.58 (1H. m). 2.04 - 2.09 (1H. m). 2.35 
(1 H, d, J = 8.8 Hz), 2.53 (1 H, dd. J = 3.9. 9.3 Hz), 2.86 (1 H. d, J = 9.3 Hz), 3.18 (1 H. d, J = 9.3 Hz), 3.32 - 3.37 
(1H,m). 7.21 - 7.32 (5H. m). 

IS Reference Example A-4: 

3- [(1SVPherivletlTvn-3-azabicyclof3.1.01hexane-1-carbaxYlicad^ (Fr. 1) 

To a solution of 1-cyano-3-[(1S)iDhenylethyl]-3-azabicyclo[3.1.0]hexane (Fr. 1, 5.6 g, 26.4 mmol) in methanol (500 
20 ml) was added 2N sodium hydroxide aqueous solution (50 ml), followed by 30 hours of heating under reflux. After evap- 
oration of methanol, the resulting residue-was washed with chloroform (30 ml x 2), adjusted to pH 3 with concentrated 
hydrochloric acid and then extracted with n-butanol (80 ml x 3). The extract was dried isver sodium sulfate and then the 
solvent was evaporated to give 6.11 g (100%) of the title compound In a crude fbrm. This was directly used in the fbl- 
lowing reaction. 

2S 

Reference Example A-5: 

a-[(1 S)-Phenylethyl]-3-azabicyclo[3.1 .Q1hexane-1 -earbQxylicactd 
30 Fr. 2 was also subjected to the same reaction. 
Reference Example A-6: 

1-Tert-butQxycafbony!amino-3-[(lS)-phenylethyq>3-azabicydo[3.1.0]he^^ (Ft. 

3S 

To a solution of 3-[(1 S)i3henylethyl]-3-azablcyclo[3.1 .0]hexane-1 -carboxylic acid (Fr. 1 , 6.1 1 g, 26.4 mmol) in terti- 
ary butand (200 ml) were added diphenylphosphoric acid aside (9.99 g, 34.3 mmol) and triethylamine (4.23 g. 36.9 
mmol). followed by 4 hours of heating under reflux. After cooling the reaction solution, the solvent was evaporated and 
the resulting residue was mixed with 200 ml of ethyl acetate, washed with saturated brine (50 ml x 2) and then dried 
40 over sodium sulfate. After evaporation of the solvent, the resulting residue was applied to a silica gel column chroma- 
tography and eluted with n-hexane-ethyl acetate (4:1) to give 3.19 g (40%) of the titie compound. 

^H-NMR(CDCl3) 6: 

0.67 - 0.71 (1H. m). 1.25 - 1.31 (4H. m). 1.45 (9H, s). 1.60 (1H. brs.). 2.30 - 2.38 (1H. m). 2.51 - 2.58 (2H. 
4S m), 3.20 - 3.35 (2H, m). 4.96 (1 H, brs.). 7.20 - 7.29 (5H, m). 

Reference Example A-7: 

1-Tert-butoxvcait)onvlamino-3-rnSl-ohenylethvl1-3-azabicydof3.1.0]hexane (Fr. 2) 

so 

^H-NMR(CDCl3) 6: 

0.69 - 0.71 (1H. m), 1.25 (3H, d. J » 6.4 Hz), 1.39 (9H, s), 1.50 - 1.72 (2H, m). 2.29 (1H. d. J » 8.3 Hz), 2.58 
- 2.82 (2H, m). 3.08 - 3.15 (1H. m). 3.30 - 3.38 (1H, m). 4.82 (1H. brs.). 7.19 - 7.37 (5H. m). 

55 Reference Example A-8: 

1-Tert-butoxvcaft)onviamino-3-azabicvdo[3.1.0]hexane (Fr. 1) 

To a solution of 1-tert-butoxycart)onylamino-3-[(1S)-phenylethyll-3-azabicyclo(3.1.0]hexane (Fr. 1. 3.1 g. 10.26 
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mmol) in ethanol (50 ml) was added 10% palladium carbon (3 g). followed by 3 hours of catalytic hydrogenation under 
warming by a tungsten lamp and under a pressure of 4 atmospheres. After removing the catalyst by filtration, the sol- 
vent was evaporated to yield 2.04 g (100%) of the title compound. 

5 1H-NMR(CDCI3)5: 

0.85 - 1.14 (2H, m). 1.44 (9H. s). 1.44 - 1.70 (1H. m). 2.95 - 3.34 (4H. m), 5.08 (1H. brs.). 

Reference Example B-1 : 

10 1-Cyclobutenecarboxyllc acid 

After stopping heating of a reflux solution of 85% potassium hydroxide and 1 25 ml of toluene, 1 0 g (48.31 mmol) of 
1-bromocyclobutenecart)oxylic acid ethyl ester was added dropwise to the solution at such a rate that the reflux was 
continued. After completion of the dropwise addition, the resulting mixture was again heated under reflux for 1 hour. 
IS After cooling to room temperature, water was added thereto, and the resulting water layer was separated. This was 
washed with hexane. acidified with 1 N hydrochloric add and then extracted with ether. The organic layer was washed 
with water and saturated brine and dried over anhydrous sodium sulfate. By evaporating the solvent, 4.1047 g (41.88 
mmol, 86.7%) of the title compound was obtained as a crude product. 

20 Reference Example B-2: 

1-Cyclobutenecarboxylic acid ethyl ester 

To a solution of 3.2425 g (33.09 mmol) of 1 -cyclobutenecaiboxylic add in 60 ml of dimethylformamide were added 
25 1 2 ml (1 50 mmol) of ethyl iodide and 5.53 g (40 mmol) of potassium carbonate, followed by 20 hours of stirring at room 
temperature. The reaction solution was poured into water and extracted with ether. The organic layer was washed with 
water and saturated brine and then dried over anhydrous sodium sulfate. By evaporating the solvent. 4.5267 g of the 
titie compound was obtained as a mixture wfth iathyl iodide and ether. 

30 ^ H-NMR (400 MHz. CDCI3) 5: 

1.29 (3H. t. J = 7.5 Hz). 2.47 (1H. dt. J = 1.0. 3.0 Hz). 2.73 (1H, t, J = 3.0 Hz). 4.19 (2H. q, J = 7.5 Hz), 6.77 
(IH.t. J = 1.0Hz). 

Reference Example B-3: 

35 

3- [(S)-Phenylethvn-3-a2 abicyclof3.2.01heptane-1-carboxylicacld ethyl ester 

With cooling in an Ice bath. 0.116 ml (1.5 mmol) of trifluoroacetic acid was added dropwise to 4.5267 g (33.09 
mmol) of tiie above mixture of 1-cyclobutenecartoxylic acid etiiyl ester with ethyl iodide and ether, and a solution of 

40 1 4.65 g (50 mmol) of azomethinyiide in dichloromethane (100 ml), followed by 64 hours of stirring at room temperature. 
The reaction solution was poured into saturated sodium bicart>onate aqueous solution and extracted with chloroform. 
The organic layer was washed wrtii water and saturated brine, and then dried on anhydrous sodium sulfate. After evap- 
oration of the solvent, tiie resulting residue was purified by a silica gel column chromatography (n-hexane:ethyl acetate 
s 10:1) to yield 4.1832 g (14.58 mmol, 44.1% for 2 steps from Reference Example B-2) of the titie compound as a dias- 

45 tereomer mixture. This mixture was separated by a high performance liquid chromatography to yield 1.9203 g (6.69 
mmol. 20.2% for 2 steps from Reference Example B-2) of a low porality substance (fr. 1) and 990.5 mg (3.45 mmol. 
10.4% for 2 steps from Reference Example B-2) of a high porality substance (fr. 2). 

Low porality substance (fr. 1) 

50 

^H-NMR (400 MHz. CDCI3) 6: 

1.21 (3H. t. J = 7.0 Hz). 1.40 (3H. d, J = 6.5 Hz). 1.77 - 1,84 (1H. m). 1.97 - 2.05 (1H. m). 2.11 • 2,20 (1H, 
m), 2.29 (1 H, dd. J = 6,0. 9,0 Hz). 2,38 (1 H. dt, J = 6.5. 1 1 .0 Hz). 2.69 (1 H, d. J = 9.0 Hz). 2.96 (1 H, dt. J = 5.0, 9.5 
Hz), 3.07 (1H. d. J = 9.0 Hz). 3.29 (1H. q. J = 6,5 Hz). 4.10 (2H, q. J = 7.0 Hz). 7.21 - 7.33 (3H. m). 7.39 - 7.41 (2H. 
55 m). 

High porality substance (fr. 2) 

^H-NMR (400 MHz. CDCI3) 5: 
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1.28 (3H. t J = 7.5 Hz). 1.40 (3H. d. J = 6.5 Hz). 1.68 - 1.72 (1H. m). 2.02 - 2.18 (3H. m). 2.41 (IH. d. J = 
9.0 Hz). 2.45 - 2.50 (IH. m). 2.55 (IH, d. J = 9.0 Hz). 2.82 - 2.87 (IH. m). 3,19 (1 H. d. J = 9.0 Hz). 3.29 (IH. q, J = 
6.5 Hz). 4.10 (2H. q, J = 7.5 Hz), 7.21 • 7.41 (5H. m). 

Reference Example B-4: 

3-BenzvlQxvcafbonvl-3-azabtcvdQr3.2.01heDtanQ-1-carboxylif»d^ ethvi ester ffr. \) 

To a solution of 980 mg (3.41 mmol) of 3-[(S)-phenylethyi]-3-azabicyclo[3.2.0]heptane-1 -cartx)xylic add ethyl ester 
in didiloromethane (20 ml) was added dropwise 0.714 ml (5.0 mmol) of benzyl chloroformate under ice cooling, fol- 
lowed by 40 hours of stirring at room temperature. After evaporation of the solvent, the resulting residue was purified by 
a column chromatography (n-hexane:etli^ acetate » 4:1) to give 921 .5 mg (2.91 mnfx>l. 85.3%) of the title compound. 

Reference Example B-5: 

3-BenzyloxycarbonYl-3-azablcydQ(3.2.01heptane'1'CarboxYlicacid ethvl ester (fr. 2) 

To a solution of 863.8 mg (3.01 mmol) of 3-[(S)-phenylethyQ-3'azabicydo[3.2.0]heptane-1-cart>oxylic acid ethyl 
ester in dichloromethane (15 ml) cooled in an ice bath was added dropwise 0.642 ml (4.5 mmol) of benzyl chlorofor- 
mate, followed by 45 hours of stirring at room temperature. After evaporation of the solvent, the resulting residue was 
purified by a column chromatography (n-hexane:ethyl acetate = 4:1) to give 829 mg (2.62 mmol, 87.0%) of the title com- 
pound. 

^H-NMR(400 MHz.CDCl3)6: 

1.27 (3H, t, J = 7.0 Hz). 1.72 (IH, br). 1.97 (IH, br), 2.22 (IH. br), 2.56 (IH. dt. J = 8.0, 1 1.5 Hz), 3.10 (IH, 
dd, J = 6.5, 14.5 Hz), 3.38 - 3,42 (1 H, m). 3.66 - 3.84 (3H, m). 4.18 (2H. q. J = 7.0 Hz). 5.18 (2H, s). 7.27 - 7.40 (5H, 
m). 

Reference Example B-6: 

3-BenzYloxYcart?QnYi-3-^zaWcyfflQr3.2.Q1h9ptan9-1-caft?QXY^ (fr, 1) 

To a solution of 920 mg (2.90 mmol) of 1-elhQxycartx)nyl-3-benzyloxycarbonyt-3-azabicydo[3.2.0]heptane In etha- 
nol (1 0 ml) cooled in an ice bath was added 6 ml of 1 N sodium hydroxide aqueous solution, followed by 2 hours of stir- 
ring at room temperature. After neutralization with 1 N hydrochloric add aqueous solution, ethanol was evaporated. The 
resulting residue was mixed with 1 N hydrochloric acid aqueous solution and extracted with chloroform. The organic 
layer was washed with saturated brine and dried over anhydrous sodium sulfate. By evaporating the solvent, 847.2 mg 
(quantitative) of the title compound was obtained as a crude product. 

Reference Example B-7: 

3-Benzyloxyca rbonYl-3-azabicydo[3.2.01heptane-1-cart)Oxvlicacid ffr. 2) 

To a solution of 825 mg (2.60 mmol) of 1-ethoxycart)ony1-3-benzyloxycarbonyl-3-azabicydo[3.2.0]heptane in etha- 
nol (10 ml) cooled in an ice bath was added 5 ml of 1 N sodium hydroxide aqueous solution, followed by 2 hours of stir- 
ring at room temperature. After neutralization with 1 N hydrochloric add aqueous solution, ethanol was evaporated. The 
resulting residue was mixed with 1 N hydrochloric acid aqueous solution and extracted with chloroform. The organic 
layer was washed with saturated brine and dried over anhydrous sodium sulfate. By evaporating the solvent, 776.6 mg 
(quantitative) of the title compound was obtained as a crude product. 

^H-NMR (400 MHz. CDCI3) 5: 

1.75 (IH, br). 2.00 (IH. br). 2.25 (IH. br), 2.59 - 2.66 (IH, m). 3.14 - 3.19 (IH, m), 3.39 - 3.44 (IH. m), 3.66 
- 3.81 (2H, m). 3.84 - 3.91 (IH, m). 5.18 (2H. s), 7.29 - 7.39 (5H, m). 

Reference Example B-8: 

1-TQrt-bvJtOXYcqri?onyl>34)QnzYlQxYcarty)nyl-3-azabiCYClo[3.2.0]heptane (fr. 1) 

To a sdution of 3-benzyloxycarbonyl-3-azabicyclo[3.2.01heptane-1-carboxylic acid (2.90 mmol) in tertiary butanol 
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(15 ml) were added 0.53 ml (3.8 mmol) of triethylamine and 0.819 ml (3.8 mmol) of diphenylphosphorylazide. followed 
by 9 hours of stirring at 70'*C. After cooling to room temperature, the reaction solution was poured into saturated sodium 
bicartx)nate and extracted with ethyl acetate. TTie organic layer was washed with water and saturated bnne and dried 
over anhydrous sodium sulfate. After evaporation of the solvent the resulting residue was purified by a silica gel column 
chromatography (n-hexane:ethyl acetate » 4:1) to give 81 7.8 mg (2.27 mmol. 78.3% for 2 steps from Reference Exam- 
ple B-2) of the titie conpound. 

Reference Example B-9: 

1-Tert-butoxycarbonyl-a-benzylQxycarfaQnyl-3'azabicyclQ[3.2.0]heptane (fr. 2) 

To a solution of 3-benzyloxycart)onyl-3-azabicyclo[3.2.0]heptane-1-carboxylic acid (2.60 mmol) in tertiary butanol 
(15 ml) were added 0.474 ml (3.4 mmol) of triethylamine and 0.733 ml (3.4 mmol) of diphenylphosphorylazide. followed 
by 9 hours of stirring at 70*'C. After cooling to room temperature, the reaction solution was poured into saturated sodium 
bicarbonate and extracted with etiiyl acetate. The organic layer was washed with water and saturated brine and dried 
over anhydrous sodium sulfate. After evaporation of the solvent, the resulting residue was purified by a silica gel column 
chromatography (n-hexane:ethyl acetate = 4:1) to give 642.2 mg (1 .78 mmol, 68.4% for 2 steps from Reference Exam- 
ple B-7) of the titie compound. 

^H-NMR(400MHz. CDCl3)6: 

1.43 (9H; s), 2.18 (3H, br). 2.85 (1H, br), 3.46 • 3.65 (3H, m), 3.87 (1H. br). 4.80 (1H. br), 5.16 (2K, s), 7.31 
-7.37(5H,m). 

Reference Example B-10: 

1-Tert-butDxvcafbonvl-3-azabicvclor3.2.01heDtane ffr. 1) 

To a solution of 368 mg (1.02 mmol) of 1-tert-butoxycarbonyl-3-benzyloxycart)onyl-3-azabicyclo[3.2.0]heptane in 
methanol (20 ml) was added 400 mg of 20% palladium hydroxidecarbon, followed by vigorous stinring in an atmosphere 
of hydrogen gas. After removing insoluble material by filtration through celite, the resulting filtrate was concentrated to 
give 274.6 mg of the title compound as a crude product. 

Reference Example B-1 1 : 

1-Tert-butoxycarbonyl-3-a2abicyclQ[3.2.Q]heptane (fr. 2) 

To a solution of 360 mg (1.02 mmol) of 1-tert-butoxycarbonyl-3-benzyloxycarbonyl-3-azabicyclo[3.2.0]heptane in 
methanol (20 ml) was added 400 mg of 20% palladium hydroxide-cartx)n. followed by vigorous stirring in an atmos- 
phere of hydrogen gas. After removing insoluble material by filtration through celite. tiie resulting filtrate was concen- 
trated to give 243.8 mg of tiie title compound as a crude product. 

^H-NMR (400 MHz, CD3OD) 6: 

1.54 (9H. s). 1.76 - 1.83 (1H, m), 2.31 - 2.45 (3H. m), 3.07 - 3.22 (1H, m), 3.40 - 3.48 (1H, m). 3.51 - 3.67 
(2H,m), 3.68-3.71 (IH.m). 
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Inventive Example 1: 

S-AminQ-7-f 1 -amino-a-azabicvdofa.l .01h6xan-3-viV6.8<jif luoro-1 4f2SVfluQrQ-(1 m-cvdooronvM ■4^jihvdro-4-oxoQui- 
nolinQ»3'Cartx)xylic acid (fr. 1) 



10 




COOH 



To a solution of 5-amino-6J,8-trifluoro-1-[(2S)-fluoro-(1R)-cydopropyO-l,4<lihydro-4K)xoquinolin^ 
add (316 mg, 1 mmol) in acetonitrtle (15 ml) were added 1-tert-butoxycarfoonylamino-3-azabicydo[3.1.0]hexane (fr. 1) 

20 (396 mg, 2 mmol) and triethylamine (5 ml), followed by 2 hours of heating under reflux. After evaporation of the solvent, 
the resulting residue was mixed with diloroform (20 ml), washed with 10% citric acid (10 ml x 2) and then dried over 
sodium sulfate, subsequently evaporating the solvent. The resulting residue was mixed with concentrated hydrochloric 
acid (5 ml) and stin-ed for 5 minutes at room temperature. The reaction solution was washed with chloroform (5 ml x 2), 
adjusted to pH 7.3 with 20% sodium hydroxide aqueous solution and then extracted with chloroform (30 ml x 3). After 

2S drying over sodium sulfate, the solvent was evaporated to yield 1 90 mg (48%) of the title compound as a crude product. 
Thereafter, 1 1 1 mg of the title compound was obtained by recrystallizing the crude product from chlorofbrm-methanol- 
ethanol. 



1H-NMR(0.1 N-NaOD) 5: 

30 0.61 - 0.64 (1 H, m). 0.80 - 0.83 (1 H, m), 1 .21 - 1 .83 (3H. m). 3.23 - 3.79 (5H, m). 4.87 - 4.98 (0.5H. m), 8.21 

(1H.S). 



35 





Elementary analysis for 


Ci8Hi8F3N4O3-0.25H2O: 


Calcd.: 


C. 54.07: 


H, 4.66; 


N. 14.01 


Found : 


C, 53.98; 


H.4.54; 


N. 13.82 



40 



Melting point (''C): 191 - 203 (decomposition) 
[oJd +72.37* (T = 22.4«C. C = 0.665. 0.1 N-NaOH) 

45 



50 



55 
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Inventive Example 2: 

7-n -Amlno-3*azab!cvdor3.1 .Qlhaxan-a-vlVe-fluQrQ-l -rf2SVf luoro-f 1 m-cvdODroDvll-8-methvi-1 .4^lhvdro-4-oxoQuinQ- 
llna^a-carboxyllc add (fr. 1) 

5 



O 



10 




COOH 



IS 



To a solution of 6.7<iifluoro-1-[(2S)-fluoro-(1 R)-cydopropyl]-8-methyl-1 .4<lihydro-4-oxoquinoline-3-cartx)xylic add 
BF2 dielate (345 mg, 1 mmol) in suKolane (4 ml) were added 1-tert-butoxycartx)nylamino-3-azabicyclo[3.1.0]hexane 

20 (fr. 1) (298 mg, 1 .5 mmol) and triethylamine (0.2 ml), followed by 200 hours of stirring at room temperature. After evap- 
oration of triethylamine. the resulting residue was mixed with watier (10 ml) and stirred for 30 minutes at room temper- 
ature. The thus precipitated crystals were washed with water, collected by filtration and dissolved in a mixed solvent of 
ethanoliwater si 4:1 (50 ml), and the resulting solution was mixed with triethylamine (5 ml) and heated under reflux for 
3 hours. After evaporation of the solvent, the resulting residue was mixed with chloroform (50 ml), washed with 10% cit- 

25 ric acid (20 ml x 2) and then dried over magnesium suHiate, subsequently evaporating the solvent. The resulting residue 
was mixed with concentrated hydrochloric add (5 ml) and stirred for 5 minutes at room temperature. The reaction solu- 
tion was washed with chloroform (5 ml x 2). adjusted to pH 7.3 with 20% sodium hydroxide aqueous solution and then 
extracted with chloroform (30 ml x 3). After drying over sodium sulfate, the solvent was evaporated. The resulting resi- 
due was subjected to separation purification by a preparative TLC (developed by the lower layer of chlorofbrm:metha- 

30 nohwater = 7:3:1) to yield 35 mg of the title compound as a crude product. Thereafter, 18 mg off the titie compound was 
obtained by recrystalllzing the crude product from chlorofbrm-ethanol. 



35 



1H-NMR(0.1 N-NaOD)5: 

0.78 - 0.83 (2H, m), 1.12 - 1.21 (1H. m). 1.38 - 1.39 (1H. m), 1.51 - 1.62 (1H, m). 2.36 (3K s), 3.03 (1H, d, 
J = 9.3 Hz), 3.31 (1H. d. J = 9.3 Hz). 3.56 (1H, d. J = 9.3 Hz), 3.72 - 3.74 (1H, m). 3.99 - 4.04 (1H. m), 5.00 - 5.08 
(0.5H, m). 7.60 (1H, d, J = 13.67 Hz), 8.44 (1H, d. J = 2.4 Hz). 



40 





Elementary analysis for 


Ci9Hi9F2N3O3-0.75H2O: 


Calcd.: 


C. 58.68; 


H. 5.31; 


N. 10.81 


Found : 


C. 59.01; 


H, 5.15; 


N, 10.65 



45 



Melting point (^'C): 189-210 (decomposition) 



50 



55 
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Inventive Example 3: 



7-n-Amino-3-azabicvdQr3.1.01hexan-3-vl^-6-lluorQ-1-rf2SHIuoro-firo-cvd(^^ 
line-3-carfaoxylic acid (fr. 2) 



10 



IS 



The titied compound was also synthesized in the same manner as described in Inventive Example 2 using fr. 2. 

20 ^H-NiyiR(0.1 N-NaOD)6: 

. 0.75 ■ 0.83 {2H. m). 1.13 - 1.17 (1H. m). 1.39 ■ 1.41 (1H. m). 1.55 - 1.61 (1H. m). 2.39 (3H, s), 3.26 (1H, d. 
J a 9.3 Hz). 3.35 (1 H. d. J = 9.3 Hz). 3.47 - 3.49 (1 H, m), 3.55 - 3.60 (1 H, m), 3.98 - 4.04 (1 H, m), 5.01 - 5.08 (0.5H, 
m), 7.62 (1H, d, J = 13.67 Hz), 8.45 (1 H, d. J = 1 .9 Hz). 



2S 



30 





Elementary analysis for 


( 


-i9Hi9F2N3O3-0.25H2O: 


Calod.: 


C. 60.07; 


H. 5.17; 


N. 11.06 


Found : 


C, 59.87: 


H. 5.33; 


N, 10.46 



Melting point f^C): 200 - 21 7 (decomposition) 

35 

Inventive Example 4: 

7-(1-AminQ-3-azabicvdQf3.1.01hexan-3-vlV64luoro-1-((2S)-fluoro-(1R)'Cydopropyl]-8-methoxy-14^ 
Qllne-3-caiboxylic acid (fr. 1) 



O 



45 




COOH 



To a solution of 67<ltfluoro-1-[(2S)-fluoro-(1R)-cydopropyl]-8-methoxy-1,4-dihydro-4K)xoquinoline-3-carbo^^ 
55 acid BF2 chelate (217 mg, 0.6 mmol) In dimethyl sulfoxide (2.5 ml) were added 1-tert-butoxycartx)nylamino-3-azablcy- 
clo[3.1.0]hexane (fr. 1) (170 mg, 0.86 mmol) and triethylamine (0.2 ml), followed by 150 hours of stimng at room tem- 
perature. After evaporation of triethylamine. the resulting residue was mixed with water (10 ml) and stirred for 30 
minutes at room temperature. The thus precipitated crystals were washed witii water, collected by filtration and dis- 
solved in a mixed solvent of ethanolnwater = 4:1 (20 ml), and the resulting solution was mixed with trietiiylamine (3 ml) 
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and heated under reflux for 2 hours. After evaporation of the solvent, the resulting residue was mixed with chloroform 
(30 ml), washed with 10% citric acid (10 m) x 2) and then dried over magnesium sulfate, subsequently evaporating the 
solvent. The resulting residue was myaed with concentrated hydrochloric acid (5 ml) and stinted for 5 minutes at room 
temperature. The reaction solution was washed with chloroform (5 ml x 2), adjusted to pH 7.3 with 20% sodium hydrox- 
ide aqueous solution and then extracted with chloroform (30 ml x 3). After drying on sodium sulfate, the solvent was 
evaporated to yield 175 mg (74%) of the titie compound as a crude product. Thereafter, 80 mg of the title compound 
was obtained by reaystalltzing the crude product from chlorofornvethand-ether. 

^H-NMR(0.1 N-NaOD) 6: 

0.67 - 0.69 (1H, m), 0.82 - 0.85 (1H. m). 1.40 - 1.66 (3H, m). 3.42 - 3.61 (4H. m). 3.54 (3H, s). 3.98 - 4.03 
(1H, m), 4.98 • 5.05 (0.5H, m), 7.64 (1H, d, J « 13.67 Hz), 8.47 (1H. s). 



Elementary analysis for 
Ci9Hi9F2N3O4*0.25H2O: 



Calcd.: 


C. 57.65; 


H, 4.96; 


N, 10.61 


Found : 


C. 57.53: 


H, 5.03: 


N. 10.57 



Melting point f^C): 188-185 (decomposition) 
Md +138.73* (C = 0.395. 0.1 N-NaOH) 

Inventive Example 5: 

7-(1 -Amino-3-azabicyclo[3.1 .0]hexan-3-v»-6-f luoro-1 -f(2S)-fluoro-(1 R)- cyclopropYl1-8-methoxy-1 .4<lihydro-4K)xoquin- 
Qlinfr3-carbQxylic acid (fr. 2) 



O 




COOH 



NKa 



The titled compound was synthesized in the same manner as described in Inventive Example 4 using fr 2. 
^H-NMR(ai N-NaOD)6: 

0.72 - 0.74 (1H. m). 0.86 - 0.89 (1H. m). 1.44 - 1.67 (3H. m). 3.39 - 3.44 (2H. m). 3.58 (3H. s). 3.72 (1H. d, 
J = 7.8 Hz), 3.83 (IN. d, J « 9.8 Hz). 4.01 - 4.06 (IH. m), 5.03 - 5.06 (0.5H, m). 7.66 (1H. d, J = 14.16 Hz), 8.48 
(IH.s). 





Elementary analysis for 


Ci9Hi9F2N3O3-0.25H2O: 


Calcd.: 


C, 57.65; 


H, 4.96; 


N, 10.61 


Found : 


C. 57.61; 


H, 4.93: 


N. 10.72 



Melting point (*C): 189-188 (deconrposition) 
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[alo +45.52« (c » 0.303. 0.1N-NaOH) 
Inventive Example 6: 

5 7-fVAminQ-3-azabicvdof3.2.01heot-3-vlV6-fluoro-142-fSVfluoro-1-m)-cvcto^^ 

Qlin^3-Qflrt?o)^icacidffrt1) 



75 




To a solution of 1-tert-butoxycarbonyl*3-azabicyclo[3.2.0]heptane (1.02 mmol) in dimethyl sulfoxide (1.5 ml) were 
added 180 mg (0.5 mmol) of difluoroboric acid ester of 1-[2-(S)-fluoro-1-(R)-cyclopropyl]-6,7-difluoro-8-methoxy-1,4- 
dihydro-4- oxoquinoline-3-cart)oxylic acid and 0.5 ml of triethylamine. followed by 1 10 hours of stinging at room temper- 

S5 ature. After evaporation of triethylamine, the resulting residue was mixed with water, and the thus precipitated crystals 
were collected by filtration. To the thus collected crystals were added 15 ml of 90% methanol and 3 ml of triethylamine, 
subsequently carrying out 4 hours of reflux. This was cooled to room temperature and then concentrated. The resulting 
residue was mixed with 10% citric acid and extracted with chloroform. The organic layer was washed with water and 
saturated brine and dried on anhydrous sodium sullate. subsequently evaporating the solvent. To the thus obtained res- 

30 idue dissolved in dichloromethane (5 ml) and cooled in an ice bath was added trifluoroacetic acid (5 ml), followed by 1 
hour of stin-ing at room temperature. After concentration, the resulting residue was mixed with concentrated hydrochlo- 
ric acid and washed with chloroform. The resulting solution was adjusted to pH 7.5 with concentrated sodium hydroxide 
aqueous solution and then extracted with chloroform. TTie extract was dried over anhydrous sodium sulfate, subse- 
quently evaporating the solvent. By recrystallizing the resulting residue from ethanol. 75.9 mg of the titie compound was 

35 obtained. 

^H-NMR (400 MHz, 0.1 N NaOD) 6: 

1.48-1 .70 (3H, m), 2.03 - 2.24 {3H. m). 2.60 (1H. dd. J = 5.5. 13.0 Hz). 3.22 (1H, d. J = 10.5 Hz). 3.53 (1 H, 
dd. J = 5,5. 9.5 Hz), 3.65 - 3.71 (2H, m). 3.72 (3H, s), 4.07 - 4.12 (1H, m). 4.90 - 5.10 (1H. m), 7.74 (1H. d, J = 13.5 
40 Hz).8.50(1H,s). 





Elementary analysis for C20H21N3O4F2 • I/4H2O: 


45 


Calcd.: 


C. 58.604: 


H. 5.286; 


N, 10.251 




Found : 


C, 58.51; 


H. 5.38; 


N, 9.94 



so Melting point ('C): 233 - 236 
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Inventive Exanple 7: 

7-n -Amin<K3-a2abicvdQl3.2.01heDt-3-vlVMIuorQ-1 -r2-f SVf luoro-l -(m-cvdooroDvn-S-methQxv-l .4-dihvdro-4^xoauin- 

Qline-a-cafbQXYlic acM ffr, g) 




To a solution of 1-tert-butoxycarbonyl-3-azabicycto[3.2.0]heptane (0.778 mmol) in dimethyl sulfoxide (1.5 ml) were 
added 180 mg (0.5 mmol) of drfluoroboric acid ester of 1-[2-(S)-fluoro-1-(R)-cyclopropyl]-6,7-difIuoro-8-methoxy-1,4- 
dihydro-4-oxoquiholine-3-caitoxylic acid (BF2 chelate) and 0.5 ml of triethylamine, followed by 115 hours of stirring at 
room tenr^erature. After evaporation of triethylamine. the resulting residue was mixed with water, and the thus precipi- 
tated crystals were collected by filtration. To the thus collected crystals were added 15 ml of 90% methanol and 3 ml of 
triethylamine. subsequently can'ying out 4 hours of reflux. This was cooled to room temperature and then concentrated. 
The resulting residue was mixed with 10% citric add and extracted with chloroform. The organic layer was washed with 
water and saturated brine, and dried over anhydrous sodium sulfate, subsequently evaporating the solvent. To the thus 
obtained residue dissolved in dichloromethane (5 ml) and cooled in an ice bath was added trifluoroacetic acid (5 ml), 
followed by 1 hour of stirring at room temperature. After concentration, the resulting residue was mixed with concen- 
trated hydrochloric add and washed with chloroform. The resulting solution was adjusted to pH 7.5 with concentrated 
sodium hydroxide aqueous solution and then extracted with chloroform. The extract was dried over anhydrous sodium 
sullate, subsequently evaporating the solvent By recrystallizing the resulting residue from ethanol. 101 .6 mg of the title 
compound was obtained. 

^H-NMR (400 MHz, 0.1 N NaOD) 6: 

1.34 - 1.54 (3H. m). 1.89 ■ 2,02 (2H. m). 2.04 - 2.14 (2H. m), 2.44 - 2.47 (1H, m), 2.92 (1H, d. J = 10.5 Hz). 
3.35 (1 H, d, J = 10.5 Hz). 3.51 * 3.56 (4H, m), 3.74 (1H. d, J = 10.5 Hz). 3.90 - 3.95 (1H. m). 4.70 - 4.91 (1H. m). 
7.57 (1H, d. J = 13.5 Hz), 8.34 (1H. s). 



Elementary analysis for C20H21N3O4F2: 


Calcd.: 
Found : 


C. 59.236; 
C. 59.28; 


H. 5,224; 
H,5.32; 


N, 10.369 
N, 10.17 



Melting point C'C): 238 - 240 
Inventive Example 8: 

5-Amino-7-r(3R .1 'S^3»( 1 -aminoethvlVI -Dvrrolidinvn>1 ■cvcloproDvl-e-f luoro-1 .4<lihvdro-8-methvl-4-oxoQuinoline>3-car- 
boxylic acid 

A 626 mg (2.92 mmol) portion of (3R, VS)-3-(1-tert-butQxycai1:>onylaminoethyOpyrrolidine was suspended in 10 ml 
of dimethyl sulfoxide to which were subsequently added 437 mg (1.46 mmol) of 5-amino-1-cyclopropyl-6,7-difIuoro-8< 
methyl-1 ,4-dihydro-4-oxoquinoline-3-cart)oxylic add and 2.80 ml of triethylamine, followed by 21 hours of heating at 150 
- leO'^C in a stream of nitrogen. After evaporation of the solvent, the resulting residue was mixed with chloroform, 
washed with water, 10% dtric add aqueous solution and saturated brine in that order, and then dried over anhydrous 
sodium sulfate. After evaporation of the solvent, the thus obtained tertiary butylcarbamate compound was mixed with 4 
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ml of concentrated hydrochloric acid, and the nnixture was stirred for 20 minutes at room temperature, washed with chlo- 
roform (50 ml X 3). adjusted to pH 7.4 with sodium hydroxide aqueous solution and then extracted with chloroform. The 
extract was dried over anhydrous sodium sulfate and the solvent was evaporated. By recrystallizlng the resulting resi- 
due from ethanol-ether. 369 mg (65%) of the title compound was obtained. 

Melting point: 106-107<»C 

Md^^ ° -15.48 (c ° 0.394. 0.1 N sodium hydroxide aqueous solution) 
^H-NMR (400 MHz. 0.1 N NaOD) 5: 

0.63 (1H. br s). 0.75 (1H, br s). 1.02 - 1.18 (5H, m). 1.54 - 1.58 (1H, m). 1.99 - 2.10 (2H. m). 2.29 (3H. s), 
2.79 (1H, br s). 3.31 - 3.44 (3H, m), 3.58 - 3.60 (1H, m). 3.91 (1H. br s). 8.37 (1H, s). 



Elementary analysis for 
C2oH25N403F-1/2H20: 



Calcd.: 


a 60.44; 


H. 6.59; 


N. 14.10 


Found : 


C. 60.35; 


H. 6.55: 


N. 14.30 



Inventive Example 9: 

S-Amino-7-r(3R. 1 ^S)-3>( 1 -aminoethvl)-1 ■Dyrrolidinvn-6-f lu oro-l -[( 1 R.2 S)-2-f luorocydo propvi]>1 .4-dihydro-8-methvl-4- 
oxoQuinQline-3-carboxylic acid 

A 394 mg (1.84 mmol) portion of (3R,1'S)-3-(1-tert-butoxycarbonylaminoethyl)pyrrolidine was suspended in 10 ml 
of dimethyl sulfoxide to which were subsequently added 3 1 7 mg (1 .00 mmol) of 5-amino-6,7<l}f luoro-1 -[(1 R,2S)-2-f luor- 
ocyclopropyl]-8-metiiyl-1,4-dihydro-4-oxoquinoline-3-cartx>xylic acid and 2.00 ml of trietiiylamine. followed by 18 hours 
of heating at 150 - 160*'C in a stream of nitrogen. After evaporation of tiie solvent, the resulting residue was mixed witii 
chloroform, washed with water. 10% citric add aqueous solution and saturated brine in tiiat order, and then dried over 
anhydrous sodium sulfate. After evaporation of tiie solvent, the thus obtained tertiary butylcarbamate compound was 
mixed with 3 ml of concentrated hydrochloric acid, and the mixture was stinted for 10 minutes at room temperature, 
washed with chloroform (50 ml x 3). adjusted to pH 7.4 with sodium hydroxide aqueous solution and tiien extracted with 
chloroform. The extract was dried over anhydrous sodium sulfate and tiie solvent was evaporated. The resulting residue 
was purified by a preparative TLC (chloroform:methanol:water a 7:3:1), and tiie resulting crude product was recrystal- 
lized from ethanol to yield 118 mg (29%) of the title compound. 

Melting point: 225 - 226*^0 

[a]o^^ - -305.07 (c a 0.276, 0.1 N sodium hydroxide aqueous solution) 
^H-NMR (400 MHz. 0.1 N NaOD) 5: 

1.11 - 1.19 (4H. m). 1.48 - 1.59 (2H. m). 2.09 ■ 2.13 (2H. m). 2.29 (3H. s). 2.84 (1H, br s), 3.30 (1H, br s), 
3.41 (1 H, br s), 3.52 (1 H, br s), 3.78 (1 H, br s). 3.94 (1 H. br s). 8.26 (1 H. 2 s). 



Elementary analysis for 
C2oH22N403F2-9/4H20: 



Calcd.: 


C, 53.74; 


H.6.43; 


N. 12.54 


Found : 


C. 53.80; 


H, 6.02; 


N. 12.48 



Reference Example C-1 : 

(3R)-Ethv1 1-benzyloxvcartK)nY!pyn'olidine-3-acetate 

A 12 g (45.9 mmol) portion of (3R)-ethyl 1-[(R)-1-phenylethyl]pyrrolidine-3-acetate known in literatures was dis- 



32 



EP0 807 630A1 



solved in 100 ml of dichloromethane to which was subsequently added dropwise 7.87 ml (55.1 mmol) of benzyl chloro- 
formate at room temperature. After completion of the dropwise addition, the mixture was stinred for 16 hours at the same 
temperature. After completion of the reaction, the reaction mixture was concentrated. Thereafter, the resulting residue 
was applied to a silica gel column chromatography to yield 10. 1 g (76%) of the title compound as an oily substance from 
5 the eluate of n-hexane:ethyl acetate » 5:1 . 

^H-NMR (400 MHz, CDCI3) &: 

1.26 (3H, t. J = 7.32 Hz), 1.53-1.64 (1H, m), 2.07 - 2.15 (1H, m), 2.36 - 2.42 (2H. m), 2.55 - 2.67 (1H. m). 
3.01 - 3.07 (1H, m). 3.36 - 3.42 (1H, m), 3.49 - 3.62 (1H. m), 3.67 - 3.73 (1H, m), 4.14 (2H. q. J = 7.32 Hz), 5.13 
10 (2H,s), 7.29- 7.38 (5H.m). 

Reference Example C-2: 

Diethyl 1 -ben3^YlQyYcafftQnyl-3-(R)-pyrrolidinylmalQnate 

IS 

A 146 mg (0.5 mmol) portion of (3R)-ethyl 1-benzytoxycartx>nylpyrrolidine-3-acetate was dissolved in 3 ml of tet- 
rahydrofuran (THF) to which was sut^equently added 1 ml (1 mmol) of 1 mol tetrahydrofuran solution of sodium (bist- 
rimethylsilyQamide at -78''C. After 30 minutes of stin-ing at the same temperature. 2 mi of tetrahydrofuran solution of 
0. 12 ml (1 mmol) ethyl chlorofbrmate was added dropwise to the reaction solution at -78'C and stirred for 2 hours at the 

20 same temperature. After completion of the reaction, 5 ml of 1 N hydrochloric acid was added dropwise to the reaction 
solution which was subsequently warmed to room temperature. The reaction solution was mixed with 40 ml of ethyl ace- 
tate, washed with saturated sodium bicarbonate aqueous solution (50 ml x 1) and saturated brine (50 ml x fj in that 
order, and then dried on magnesium sulfate. After evaporation of the solvent, the resulting residue was applied to a sil- 
ica gel column chromatography to yield 150 mg (83%) of the title compound as an oily substance from the eluate of n- 

25 hexane:ethyl acetate « 4:1 . 

^H-NMR(400 MHz, CDCI3) 6: 

1.24 - 1.29 (6H. m), 1.60 - 1.75 (1H. m). 2.03 - 2.19 (1H, m), 2.79 - 2.91 (1H. m). 3.09 - 3.17 (1H, m), 3.28 
(1H, d. J = 9.76 Hz). 3.32 - 3.41 (1H, m), 3.55 - 3.65 (1H, m), 3.72 - 3.77 (1H, m). 4.17 - 4.24 (4H. m), 5.13 (2H, 8), 
30 7.28 • 7.59 (5H, m). 

Reference Example C-3: 

Ethyl hydrogen 1-benzyloxycarbonyl«3-(R)-pyrrolidinylmalonate 

35 

A 177 mg (0.49 mmol) portion of diethyl 1-benzyloxycartK>nyl-3-(R]-pyrrolidinemalonate was dissolved in 10 ml of 
ethanol. To the solution was added dropwise a solution of 32 mg (0.49 mntol) of potassium hydroxide (85 %) in 10 mi 
of ethanol under ice cooling. After completion of the dropwise addition, the reaction solution was stinted at room tem- 
perature for 18 hours. After completion of the reaction, 20 ml of water was added to the reaction solution and then eth- 
40 anol was evaporated. The remaining aqueous layer was washed with dichloromethane (50 ml x 2). The resulting 
aqueous layer was acidified with concentrated hydrochloric add and then extracted with diethyl ether (50 ml x 3). The 
organic layers were combined and dried over magnesium sulfate, and then the solvent was evaporated to yield 160 mg 
(97%) of the title compound as an oily substance. 

45 ^H-NMR (400 MHz. CDCI3) 5: 

1.23 - 1.30 (3H. m), 1.63 - 1,71 (1H, m), 2.09 - 2.20 (1H, m), 2.79 - 2.90 (1H, m), 3.10 - 3.20 (1H. m), 3.28 - 
3.43 (2H, m). 3.51 - 3.65 (1H, m), 3.71 - 3.84 (1H, m), 4.19 - 4.25 (2H, m). 5.13 (2H. s), 7.28 - 7.55 (5H. m). 

Reference Example C-4: 

50 

Ethyl 2-( 1 -t)^nzYl9xypart?Qny|-3-(P)-pyn-Qlidinyl)aGrylg^te 

A 1.94 g (5.78 mmol) of ethyl hydrogen 1-benzyIoxycait)onyl-3-(R)-pyrrolidinylmalonate and 2.18 g (11.56 mmol) 
of Eschenmoser^s salt were dissolved in 200 ml of acetonitrile, and the solution was mixed with a catalytically effective 
55 amount of potassium acetate and heated under reflux for 12 hours. After completion of the reaction, acetonitrile was 
evaporated, and the resulting residue was mixed with 200 ml of ethyl acetate, washed with 10% citric add (50 ml x 1), 
10% sodium sulfite aqueous solution (50 ml x 1) and saturated brine (50 ml x 1) in that order. After drying the organic 
layer over sodium sulfate, the solvent was evaporated. Thereafter, the resulting residue was applied to a silica gel col- 
umn chromatography to yield 1 . 1 2 g (64%) of the title compound as an oily 8uk)stance from the eluate of n-hexane:ethyl 
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ac6tat6 a 5:1. 

^H-NMR(400 MHz.CDCl3)5: 

1.31 (3H, t. J = 7.33 Hz). 1.53 - 1.62 (1H, m). 1.79 - 1.89 (1H, m), 2.11 - 2.21 (1H, m), 3.18 - 3.31 {2H, m), 
5 3.38 - 3.48 (1H. m). 3.51 - 3.63 (1H. m). 4.22 (2H. q. J = 7.33 Hz), 5.14 (2H. s), 5.58 (1H. s). 6.26 (IN, d. J = 1.96 
Hz), 7.29 - 7.38 (5H, m). 

Reference Example C-5: 

10 Ethvl 1 -r 1 -benzvlQxvcarbonvl-3-m^>Dvrrolidinvl^cvdQtyQD«iecar^ 

To a mixture of 852 mg (2.8 mmol) of ethyl 2-(1 -benzyloxycarbonyl-3-(R)i3yrroliclinyl)acrylate and 5 mg (0.02 mmol) 
of palladium acetate was added 100 ml of diethyl ether, followed by dropwise addition of a solution of excess (10 equiv- 
alents) diazomethane In diethyl ether while ice oooling. After completion of the dropwise addition, the reaction mixture 
75 was stinted at room temperature for 30 minutes. After completion of the reaction, the solvent was evaporated and the 
resulting residue was applied to a silica gel column chromatography to yield 890 mg (quantitative) of the title compound 
as an oily substance from the eluate of n-hexane:ethyl acetate = 3:1 . 

^H-NMR (400 MHz. CDCy 6: 

20 0.71 - 0.82 (2H. m), 1.19 - 1.28 (5H. m), 1,43 - 1.5? (1H, m). 1.84 - 1.95 (1H. m). 2.73 - 2.85 (1H. m), 2.93 

. (1H. dd. J = 10.25 Hz, 18.55 Hz), 3.28 - 3.39 (1H. m).3.55 - 3.75 (2H, m), 4.09 - 4.15 (2H, m), 5.13 (2H, s). 7.28 - 
7.36 (5H.m), 

Reference Example C-6: 

25 

V(1-B9nzvloxYgart?QnYl'3-(P)-PYrrQlldjnY»)ffYP»PPrffPan^rtx»^ 

A 5.26 g (16.6 mmol) portion of ethyl 1-(1-benzyloxycarbonyl-3-(R)-pyrrolidinyl)cyclopr6panecarboxylate was dis- 
solved in 300 ml of ethanol. and the solution was cooled In an ice bath, mixed with 16.6 ml of 10 N sodium hydroxide 
30 aqueous solution and then stirred at room temperature for 5 days. After completion of the reaction, ethanol was evap- 
orated, and the remaining water layer was then acidified with hydrochloric acid and extracted with diethyl ether (50 ml 
X 4). The organic layers were combined and dried over magnesium sulfate and then the solvent was evaporated to yield 
4.95 g of the title compound quantitatively as an oily substance. 

35 ^H-NMR (400 MHz, CDCI3) 6: 

0.75 - 0.85 (2H, m). 1 .22 - 1 .33 (2H. m), 1 .45 - 1 .61 (1 H, m). 1 .82 - 1 .98 (1 H, m), 2.69 - 2.78 (1 H. m), 2.93 - 
3.01 (IH. m). 3.25 - 3.36 (1H, m), 3.55 • 3.75 (2H. m), 5.12 (2H. s), 7.28 - 7.35 (5H, m), 1 1.09 (1 H, br s). 

Reference Example C-7: 

40 

(3R)-1 -BenzYlQxycarbonyl-3-(1 -tert-butoxycqrbonylamino<?YClgpropYl)pyrrolidine 

A 289 mg (1 mmol) portion of 1 -(1 -benzyloxycarfoonyl-3-(R)-pyrrolidinyl)cyclopropanecartx>xyilc acid was dissolved 
in 10 ml of tert-butanot. To this solution were added dropwise 0.28 ml (1 .3 mmoQ of diphenylphosphoric acid azide and 
45 0.24 ml (1 .6 mmol) of triethylamine in that order at room temperature, followed by 2 hours of stirring at the same tem- 
perature. After confirming formation of the add azide, the reaction temperature was increased to carry out 18 hours of 
heating under reflux. After completion of the reaction, the solvent was evaporated and the resulting residue was applied 
to a silica gel column chromatography to yield 263 mg (73%) of the title compound as an oily substance from the eluate 
of n-hexane:ethyl acetate s 4:1. 

so 

^H-NMR (400 MHz. CDCI3) 6: 

0.65 - 0.85 (4H, m), 1.41 (9H. s). 1.59 - 1.75 (IH. m), 1.95 - 2.00 (IH, m), 2.20 - 2.35 (1H, m), 3.07 • 3.15 
(IH, m). 3.27 - 3.35 (IH. m), 3.51 - 3.65 (2H. m), 4.87 (IH, d, J = 10,3 Hz), 5.13 {2K s), 7.29 - 7.37 (5H, m). 
Md^^ = 6.83. (c = 0.731 . CHCI3) 

55 

This product was found to be a 4:1 enantiomer mixture (60% ee) when checked by an HPLC analysis using a chiral 
column. 

Conditions for this analysis are shown below. 
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Column: DAICEL CHIRALCEL OD. 25 cm x 0.46 cm 
Mobile phase: n-hexane:isopropanol s 95:5 
Row rate: 1.5ml/min 
Temperature: room temperature 
5 Detection: UV (254 nm) 

Retention times of the optical isomers are shown below. 

(3R) Form: 13.06 min 
10 (3S) Form: 15.65 min 

A 4 g portion of the 4:1 mixture was reaystallized from acetonitrile to afford 2.65 g of the (3R) form. 

Wd^® « 10.00. (c = 0.660, CHCI3) 

IS 

Reference Example D-1: 

Ethyl l-acetylcydopro panecarboxvlate 

20 A 204 ml (1 .6 mol) portion of ethyl acetoacetate and 1 38 ml (1 .6 moi) of 1 .2-dibromoethane were dissolved in 3 lit- 
ers of N.N-dimethyHbrmamide, and the solution was mixed with 460 g (3.3 mol) of potassium carbonate at room tem- 
perature and stirred at the same temperature for 2 days. After completion of the reaction, insoluble material was 
removed by filtration and then N,N<iimethylformamide was evaporated under a reduced pressure of 50 mmHg. The 
resulting residue was mixed with 1.5 liters of diethyl ether, washed with water (500 ml x 3) and then dried over anhy- 

25 drous sodium sulfate. By evaporating diethyl ether, 1 13.43 g (45%) of the title compound was obtained as an oily sub- 
stance. 

^ H-NM R (400 MHz. CDCI3) 5: 

1.29 (3H, t. J = 6.84 Hz). 1.47 (4H, s). 2.47 (3H. s). 4.21 (2H. q. J o 6.84 Hz). 

30 

Reference Example D-2: 

Ethyl 1 -ethQxypqrt?Qnyl-p-hydroxy-p-m9thyl-cyclopropanepropanoat9 

35 A 61 .7 g (0.39 mol) portion of ethyl 1 -acety1cyclopropanecartx>xylate was dissolved in 500 ml of benzene to which 
were subsequently added 1 3 g of zinc powder and a catalytically effective amount of iodine. While heating under reflux, 
a solution of 56.2 ml (0.51 mol) of ethyl bromoacetate in 100 ml of benzene was added dropwise to the mixture above. 
When the reaction started to progress, the dropwise addition was suspended, 39 g of zinc powder was added in small 
portions and then the remaining ethyl bromoacetate benzene solution was added dropwise. After completion of the 

40 addition, the reaction solution was heated under reflux for another 2 hours. The reaction solution was cooled spontane- 
ously, mixed with 500 ml of 1 N hydrochloric add and then filtered through celite. The organic layer was separated, 
washed with saturated brine (500 ml x 2) and then dried over anhydrous sodium sulfate. By evaporating the solvent. 
90.31 g (95%) of the title compound was obtained as an oily substance. 

45 ^H-NMR (400 MHz. CDCI3) 6: 

1.08 - 1.18 (4H, m). 1,23 (3H, t. J = 6.84 Hz), 1.27 (3H. t. J = 7.33 Hz). 1.43 (3H, s), 2.91 (1H. d. J = 15.14 
Hz), 2.98 (1 H. d. J » 15.14 Hz), 4.09 (2H, q, J » 6.84 Hz). 4.19 (2H. dq. J » 1 .95 Hz. J n 6.84 Hz). 

Reference Example D-3: 

50 

f EVEthvl 3-(1 ■ethoxvcafbQnvlcvdooroDvh-2-butenoate 

A 90.31 g (0.37 mol) portion of ethyl 1 -ethoxycarbonyl-p-hydroxy-p-methyl-cydopropanepropanoate was dissolved 
in 182 ml of pyridine to which was subsequently added dropwise thionyl chloride at -lO'^C to -5''C. After completion of 
55 the dropwise addition, this was stirred at the same tenrperature for 3 hours. After completion of the reaction, the reaction 
solution was poured into 1 liter of ice water and extracted with dichloromethane (300 ml x 3). The organic layers were 
combined, washed with 1 N hydrochloric acid (1 liter x 1) and saturated brine (1 liter x 1) in that order and then dried 
on anhydrous sodium sulfate. To the resulting dichloromethane solution was added dropwise 58 ml of 1,8-diazabicy- 
clo[5,4,0]-7-undecene at O^'C. followed by 18 hours of stirring at room temperature. After completion of the reaction, the 
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reaction solution was washed with 1 N hydrochloric acid (1 liter x 1) and saturated brine (1 liter x 1) In that order, and 
then dried over anhydrous sodium sulfate. After evaporation of the solvent, the resulting residue was applied to a silica 
gel column chromatography to yield 56.57 g (68%) of the title compound as an oily substance from the duate of n-hex- 
aneiethyl acetate = 9:1. 

5 

^H-NMR (400 MHz. CDCI3) 6: 

1 .01 (2H. dd. J = 3.91 Hz. J = 6.84 Hz). 1 .24 (3H. t. J = 7.32 Hz). 1 .28 (3H, t. J = 7.32 Hz). 1 .40 (2H. dd. J = 
3.91 Hz. J = 6.84 Hz), 2.29 (3H. d. J = 1 .46 Hz). 4.13 (2H, q. J = 7.32 Hz). 4.16 (2H. q. J « 7.32 Hz). 5.78 (1 H, d. J 
s 0.98 Hz). 

10 

Reference Example D-4: 

4-(1-Eth(yy(^nYlpYplQprQpyl)-1-[(S)-1i)h^nYl^Yn-3-pYrrQlin-2^^^ 

15 A 25.37 g (0.1 1 mol) portion of (E)-ethyl 3-(1-ethoxycartx)nylcyclopropyl)-2-butenoate was dissolved in 300 ml of 
catbon tetrachloride to which were sutDsequentty added 23.9 g (0.13 mol) of N-bromosuccinimide and a catalytically 
effective amount of azobisisobutyronitrile. followed by 5 hours of reflux under sunlight. After completion of the reaction, 
the reaction solution was filtered and tiie resulting filtrate was concentrated. The thus obtained residue was dissolved 
in 250 ml of etiianol and mixed with 18.83 g (0.22 mol) of sodium bicartx>nate. Thereto was added dropwise 15.84 ml 

20 (0.12 mol) of (S)-phenylethylamine at a room temperature. After completion of the dropwise addition, this was stirred 
lor 30 minutes at room temperature and then heated for 4 hours under reflux. After completion of the reaction, tiie isol- 
vent was evaporated and the resulting residue was mixed with 500 ml of etiiyl iacetate. washed with water (500 ml x 1 ). 
1 N hydrochloric acid (500 ml x 2) and saturated brine (500 ml x 2) in that order, and tiien dried over anhydrous sodium 
sulfate. After evaporation of the solvent, the resulting residue was applied to a silica gel column chromatography to yield 

25 13.1 g (39%) of tiie title compound as an oily substance from the eluate of n-hexane:6thyl acetate B 1^ 

^H-NMR (400 MHz, CDCI3) 6: 

1.13 - 1.15 (2H, m). 1.18 (3H. t, J = 6.83 Hz). 1.60 (3H. d. J = 7.32 Hz). 1.61 - 1.64 (2H, m). 3.80 (1H. d. J = 
19.53 Hz). 4.09 (2H, q. J = 6.83 Hz). 4.13 (1H. d. J = 19.53 Hz). 5.56 (1 H, q, J = 7.32 Hz). 5.85 (1 H. t. J » 1 .47 Hz). 
30 7.25 • 7.37 (5H, m). 

Reference Example D-5: 

4>(1 -EthoxycarbonYlcydoprQpyi)-1 -[(S)-1 -phenylethyn-2-pyrrolidQne 

35 

A 13.1 g (43.8 mmol) portion of 4-(1-ethcxycarbonyIcyclopropyl)-1-[(S)-1-pheny1etiiyl]-3-pyn'olin-2-one was dis- 
solved 300 ml of methanol, mixed with 400 mg of platinum oxide and then stirred in an atmosphere of hydrogen tor 18 
hours. After completion of tiie reaction, the reaction solution was filtered and concentrated to yield 13.0 g (99 %) of tiie 
titied compound as an oily substance. 
40 This product was found to be a mixture of (4S):(4R) » 3.5:1 when checked by an NMR analysis. 

^H-NMR (400 MHz. CDCI3) 6: 

0.63 - 0.65 and 0.71 - 0.73 (2H. m). 1 .11 - 1 .28 (5H, m). 1 .51 - 1 .60 (3H. m). 2. 14 - 2.31 (1 H. m), 2.43 - 2.52 
[(S)-2H and (R)-1H. m], 2.64 - 2.76 [(S)-2H, m], 3.14 [(R)-2H, d. J = 7.81 Hz], 3.48 [(S)-1H. t. J = 8.79 Hz]. 3.97 - 
45 4.15 (2H, m), 5.49 and 5.52 (1H. each q. J = 5.86 Hz and 6.84 Hz), 7.14 - 736 (5H, m). 

Reference Example D-6: 

(4$)-4-(1 -EthoxYcartx)nylgyclQpropYl)-1 -r(S)-1 -phenYlethYll-2-pyrrolidinethion 

so 

A 13.04 g (43.3 mmol) portion of 4-(1'etiioxycarbonytcyclopropyl)-1-[(S)-1-phenylethyl]-2i3yn'Olidone was dis- 
solved in 500 ml of benzene, mixed witti 19.26 g (47.6 mmoO of Lawesson reagent and then heated under reflux for 1 
hour After completion of tiie reaction, the solvent was evaporated and the resulting residue was applied to a silica gel 
column chromatography to yield a diastereomer mixture from the eluate of n-hexane:ethy1 acetate = 3:1. By carrying 
55 out fractional recrystallization with n-hexane:i8opropyl etiier » 1 :1. 6.81 g (as 62% (4S) content) of ttie titie compound 
was obtained as needle crystals. 

^H-NMR (400 MHz. CDCI3) 6: 

0.63 (2H, d, J = 2.44 Hz). 1.1 1 - 1 ,23 (2H. m). 1.14 (3H, t. J = 732 Hz), 1.59 (3H, d. J = 6.83 Hz). 2.68 (1 H. 
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dd. J =. 8.79 Hz. J = 17.48 Hz), 2.79 (1H. dq. J « 8.30 Hz). 3.02 (IK dd. J = 7.32 Hz. J = 11.23 Hz). 3.09 (1H. dd. 
J = 8.79 Hz, J = 1 7.48 Hz), 3.76 (1 H. dd. J = 8.30 Hz. J = 1 1 .23 Hz), 4.01 (2H, q, J « 7,32 Hz), 6.39 (1 H, q, J = 6.83 
Hz). 7.30 -7.36(5^01). 

5 Reference Example D-7: 

(3R)-1 -Benzvla)cvcartx>nvl-n -ethoxvcartxanvlcvdoDroovl)DvrrolidinQ 

A 6.81 g (21 mmol) portion of (4S)-4-(1-ethQxycarbonylcyclopropyl)-1-[(S)-1-phenylethyO-2i)yn'olldlnethlon was 
10 dissolved in 40 ml of ethanol, mixed with 21 ml of Raney nickel and then heated under reflux for 6 hours. After comple* 
tion of the reaction, the reaction solution was filtered and then ethanol was evaporated. The resulting residue was dis- 
solved in 400 ml of chloroform, washed with 10% aqueous ammonia (500 ml x 2), 0.5 N hydrochloric add (500 ml x 2) 
and saturated brine (500 ml x 2) in that order, and then dried over anhydrous sodium sulfate. After evaporation of the 
solvent, the resulting residue was dissolved in 200 ml of dichloromethane to which was subsequently added dropwise 
IS 4.57 ml (32 mmol) of benzyl chloroformate. After completion of the dropwise addition, the reaction solution was heated 
under reflux for 20 hours. After completion of the reaction, the solvent was evaporated and the resulting residue was 
applied to a silica gel column chromatography to yield 3.62 g (54%) of the title compound as an oily substance from the 
eluate of n-hexane:ethyl acetate » 4:1 . 

20 ^H-NMR (400 MHz, CDCI3) 6: 

0.71 -0.82 (2H, m). 1.19 • 1.28 (2H. m), 1.43 - 1.59(1 H. m). 1.84 - 1.95 (1H. m), 2.73 - 2.85 (1H, m). 2.93 
(1H, dd. J = 10.25 Hz. J = 18.55 Hz). 3.28 - 3.39 (1 H. m). 3.55 - 3.75 (2H. m), 4.09 - 4.15 (2H. m). 5.13 (2H. s). 7.28 

- 7.36 (5H. m). 

25 Reference Example E-1 : 

f3RV1-BenzvlQxvcarbonyl-3-[1-(N-tert-butoxvcart)onvl-N-methyl)amlnocyclopropyl]pyn-olidine 

A 1.27 g (3.52 mmol) portion of (3R)-1-benzyloxycarbonyl-3-(1-tert-butoxycarbonytaminocyclopropyl)pyrrolidine 
30 was dissolved in a solvent mixture composed of 22 ml of methyl iodide and 2 ml of N.N-dimethylfbrmamide, mixed with 
8.2 g (35.2 mmol) of silver oxide and then heated at 80°C in a sealed tube for 7 hours. After completion of the reaction, 
the reaction solution was filtered and the resulting filtrate was concentrated. The resulting residue was applied to a silica 
gel column chromatography to yield 1.22 g (93%) of the title compound as an oily substance from the eluate of n-hex- 
ane:ethyl acetate = 3:1 . 

35 

^H-NMR(400MHz, CDCI3) 6: 

0.55 - 1.00 (4H, m), 1.42. 1.44 and 1.47 (9H, each s). 1.50 - 1.69 (1H. m), 1.80-1.95 (IH, m), 2.25 - 2.55 
(1 H. m). 2.81 and 2.84 (3H. each s). 2.98 - 3.1 2 (1 H. m). 3.24 - 3.34 (1 H. m). 3.51 - 3.65 (2H. m). 5.1 2 (2H. s). 7.30 

- 7.36 (5H. m). 

40 

Reference Example E-2: 

(3R)-1-Benzvloxvcarbonvl-3-f1-(N'tert-butoxycafbonvl-N-ethvl) aminocvcloproDvl]Dvrrolidine 

45 A 1.04 g (2.89 mmol) portion of (3R)-1-benzyloxycarbonyl-3-(1-tert-butoxycarbonylaminocyclopropyl)pyrrolidine 
was dissolved in a solvent mixture composed of 1 1 .6 ml of ethyl iodide and 1 ml of N.N-dimethylfbrmamide. mixed with 
6.7 g (28.9 mmol) of silver oxide and then heated at SO^'C in a sealed tube for 4 hours. After completion of the reaction, 
the reaction solution was mixed with diethyl ether and filtered though celite, and the resulting filtrate was concentrated. 
The resulting residue was applied to a silica gel column chromatography to yield 831 mg (74%) of the title conpound 

so as an oily substance from the eluate of n-hexane:ethyl acetate = 4: 1 . 

^H-NMR (400 MHz, CDCI3) 5: 

0.5 - 0.98 (4H, m), 1.05 - 1.18 (3H, br s), 1.43 and 1.46 (9H, each s), 1.47 - 1.61 (IH, m), 1.78 - 1.93 (IH. 
m). 2.34 - 2.53 (1 H, m), 2.83 • 3.43 (4H, m), 3.48 - 3.62 (2H. m), 5.12 (2H. s). 7.32 - 7.36 (5H. m). 

55 
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Reference Example E-3: 

(3RV3-f 1 -f Benzvloxvacetvnaminocvcioproovn'1 -benzvlaxvcar1x)rtvlDvrrolldine 

To 1 .8 g (5.0 mmol) of (3R)-1 -benzyloxycart}onyi-3-(1 •tert-butoxycartx>nylaminocyclopropyl)pyrrolidine cooled in an 
ice bath was added dropwise 10 ml of trifluoroacetic acid, subsec^ently stirring the mixture at room temperature for 1 
hour. After evaporation of trifluoroacetic acid, the resulting residue was mixed with 80 ml of tetrahydrofuran and 3.48 ml 
(25 mmol) of triethylamine. Thereto was added dropwise 0.86 ml (5.5 mmol) of benzyloxyacetyl chloride dissolved in 20 
ml of tetrahydrofuran under ice cooling. After 1 hour of stirring at the same temperature, the reaction solution was 
washed with water (100 ml x 1). 10% citric acid (100 ml x 1), saturated sodium bicarbonate aqueous solution (100 ml 
X 1) and saturated brine (100 ml x 1) in that order. The organic layer was dried over magnesium suMb and then the 
solvent was evaporated. The thus obtained aude amide product was immediately used in the next reaction. 

Reference Example E-4: 

(3R)-1-Benzy loxycartxHiyl-3-[1-(N'2-benzyloxvethvl-N-tert-butoxvcarb^ 

A 5 mmol portion of (3R)-3-[1 '•(benzyloxyacetyl)aminocyclopropyl]-1 -benzyloxycarbonylpyrrolidine was dissolved in 
10 ml of tetrahydrofuran. Thereto was added dropwise 30 ml (30 mmol) of 1 mol tetrahydrofuran solution of borane-tet- 
rahydrofuran complex under ice cooling. After completion of the dropwise addition, saturated sodium bicartx)nate aque- 
ous solution was added dropwise to the reaction solution to hydrolyze excess borane-tetrahydrofuran complex. When 
foaming was ceased. 100 ml of saturated sodium bicarbonate aqueous solution and 50 ml of water were added thereto, 
and the mixture was stirred for 4 days. The tetrahydrofuran layer of the reaction solution was separated, and the water 
layer was extracted with diethyl ether (100 ml x 3). The organic layers were combined and dried over magnesium sul- 
fate, and the solvent was evaporated. The resulting residue was dissolved in 50 ml of acetonitrile. mixed with 1 .6 g (7.5 
mmol) of di-tert-butyl carbonate and then stirred at room temperature for 1 8 hours. After completion of the reaction, the 
solvent was evaporated. The resulting residue was applied to a silica gel column chromatography to yield 1 .31 g (53%) 
of the title compound as an oily substance from the eluate of n-hexane:ethyl acetate s 5:1 . 

^H-NVIR(400 MHz. CDCI3) 5: 

1 .48 - 1 . 1 1 (4H, m), 1 .21 - 1 .35 (1 H, m), 1 .39 and 1 .47 (9H, each s), 1 .79 - 1 .89 (1 H, m), 2.24 - 2.69 (1 H. m). 
2.83 ■ 3.69 (8H, m), 4.47 (2H. s). 5.12 (2H, s). 7.29 - 7.36 (5H, m). 

Reference Exanrple E-5: 

r3RM -n -f N-tert-Bu1oxvcarbonvl-N-f2-hvdroxvethvltomino)cvclODropvnDvrrolltf 

A 772 mg (1 .56 mmol) portion of (3R)-14)enzy!cKycaibonyl-3-[1-(N-2-benzyloxyethyl-N-tert-t)utoxycarbonyl)amino- 
cyclopropyt]pyrrotldine was dissolved in 20 ml of methanol, mixed with 200 mg of 5% palladium-carbon and then sub* 
jected to 36 hours of hydrogenation at 10 kg/cm^ under warming by an infrared lamp. After completion of the reaction, 
5% palladium-carbon was removed by filtration and then methanol was evaporated to yield 413 mg (98%) of the title 
compound. This product was immediately used in the substitution reaction. 

Reference Example F-1: 

Ethyl 1 -tert-butoxycart)Qnylaminocyclobutanecartx)xyiate 

A 1 .72 g (10.0 mmol) portion of ethyl hydrogen l.l-cydobutanedicarboxylate was dissolved in 20 ml of tert-butanol, 
mixed with 3.30 g (1 .2 mmol) of diphenylphosphoric acid azide and 1 .67 ml (1 .2 mmol) of triethylamine. and then heated 
overnight under reflux After evaporation of the solvent the resulting residue was purified by a silica gel column chro- 
matography (Si02 120 ml, hexane:ethyl acetate » 20:1 4:1) to yield 2.1 1 g (87%) of the title compound. 

^H-NMR(CDCl3) 6: 

1.28 (3H, t), 1.43 (9H, s). 2.00 - 2.04 (2H, m), 2.31 (2H. brs). 4.22 (2H, dd). 
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Reference Example F-2: 

1-tert>BiJtoxvcarbonvtaminQCvdobutanecartx)xv^^ acid 

5 A 64.28 g (264 mmol) portion of ethyl 1 -tert-butox/cartx)nylaminocyclobutanecartx3xy1ate was dissolved in 400 nil 
of methanol, mixed with 400 ml of 1 N sodium hydroxide aqueous solution and then stin'ed overnight at room tempera- 
ture. After evaporation of the solvent, the resulting residue was mixed with 20% citric acid aqueous solution-chloroform. 
The resulting organic layer was dried over anhydrous sodium sulfate and tiie solvent was evaporated to yield 55.29 g 
(97%) of the title compound. 

10 

^H-NMR(CDCl3)6: 

1.45 (9H. s). 2.02 - 2.08 (2H. m). 2.26 (2H. brs). 2.67 (2H. brs). 5.20 (1H, brs). 
Reference Example F-3: 

75 

Ethyl 1 ■tert-butoxycarbonylamlno-p-oxocydobutanepropanoate 

To a 100.0 ml portion of etiianol were added 5.0 g (0.21 mmol) of magnesium and 15.0 ml of cart)on tetrachloride 
in that order, followed by 1 hour of stirring at room temperature. Thereto was added dropwise etiiyl hydrogen malonate. 

20 After 1 hour of stining at room temperature, the solvent was evaporated to yield magnesium malonate as a colorless 
foamy substance. Separately. 55.29 g (0.26 mmol) of 1-tert-butoxycartx)nyiaminocyclobutaneicarboxylic acid was dis- 
solved in 450.0 ml of THF, mixed witii 45.81 g (0.28 mmol) of 1 ,r-carbonyldiimidazole and then stirred at room temper- 
ature for 1 .5 hours. To this was added dropwise 450.0 ml of THF solution of tiie above magnesium salt in 30 minutes, 
followed by 2 days of stirring at room temperature. After evaporation of the solvent, the resulting residue was distributed 

25 between 10% citric acid aqueous solution and etiiyl acetate. The resulting organic layer was washed with saturated 
sodium bicarbonate aqueous solution and saturated brine and then dried over anhydrous sodium sulfite. By evaporat- 
ing tiie solvent, tiie title compound was obtained quantitatively 

^H-NMR(CDCl3) 5: 

30 1.26 - 1.30 (2H. m). 1.43 (9H. s), 1,87 - 2.08 (4H. m). 2.66 - 2.70 (2H. m). 3.54 (2H. s). 4.20 (2H, q), 5.22 

(IH.brs). 

Reference Example F-4: 

35 Ethyl 1 -tert-butQxycafbonylaminQ-p-hydroxycyclQbutaneprQpanoate 

A 70.21 g (257 mmol) portion of ethyl 1-tert-butoxycarbonylamino-p-oxocyclobutanepropanoate was dissolved in 
500.0 ml of ethanol. Thereto was added 4.86 g (514 mmol) of sodium borohydride in small portions under ice cooling. 
After 2 hours of stirring at tiie same temperature, water was added and the solvent was evaporated. The resulting res- 
40 idue was extracted with chloroform, washed with saturated brine and tiien dried over anhydrous sodium sulfate. By 
evaporating the solvent, 65.25 g (93%) of the title compound was obtained. 

^H-NMR(CDCl3)6: 

1.28 (3H. t), 1.44 (9H, s). 1.84 - 2.57 (8H. m). 4.17 (2H, q). 

45 

Reference Example F-5: 

Ethyl 1 -tQrt-fc^MtoxYCarbonyl^minopyglobutqnepropQnoatQ 

50 A 65.25 g (238 mmol) portion of etiiyl 1 -tert-butoxycarbonylamino-p-hydroxycyclobutanepropanoate was dissolved 
in 1,000 ml of metiiylene chloride and mixed with 66.30 g (476 mmol) of trietiiylamine. Thereto was added dropwise 
23.93 ml (7.04 mmol) of methanesuHbnyt chloride with cooling in ice water-brine, followed by 1 hour of stirring at the 
same temperature. To tiiis solution was added dropwise 78.25 ml (523.6 mmol) of 1 .8-diazabicyclo[5.4,0]undec-7-ene, 
then, raising tiie temperature gradually, and followed by subsequent 5 hours of stirring at room temperature. This was 

55 washed witii 10% citric acid aqueous solution and saturated brine, and dried ov^ anhydrous sodium sulfate. By evap- 
orating tiie solvent 40.95 g (64%) of tiie title compound was obtained as a pale yellow oily substance. 

^H-NMR(CDC!3) 6: 

1.28 (3H, t), 1.43 (9H, s), 1.91 - 2.05 (2H, m), 2.27 (4H. brs). 4.20 (2H. q). 5.88 (1H. d, J = 15.6 Hz), 716 
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(IK d. J ° 15.6 Hz). 
Reference Example F-6: 

Ethvl 3-n4ert4)utoxYcartonYlaminocvdobutYi)-4-nrtrob^ 

A 40.95 g (152 mmoi) portion of ethyl 1-tert-butoxycartx)nylaminocyclobutanepropenoate was dissolved in 210.0 
ml of nitromethane, mixed with 57.2 ml (456 mol) of diphenylphosphoric add azide and 1 .67 ml (1 .2 mmol) of tetrame- 
thylguanidine, and then stirred at room temperature for 2 days. After evaporation of the solvent, the resulting residue 
was purified by a silica gel column chromatography (silica gel 1.500 ml, hexane:ethyl acetate = 20:1 -> 3:1) to yield 
26.60 g (41%) of the title compound. 

^H-NMR(CDCl3)8: 

1 .26 (3H, t). 1 .43 (9H. s), 1 .75 - 2.22 (6H. m), 2.42 (1 H, dd. J » 1 5.6. 7.8 Hz). 2.56 (1 H. dd. J » 1 5.6. 4.8 Hz). 
4.12 (2H. q). 4.21 (1H, dd. J = 14.1, 7.3 Hz), 4.45 (1H, dd, J = 13.1. 8.3 Hz). 4.70 (1H, bfs). 

Reference Example F-7: 

4-n-tert-Butoxvcart)onylaminocvclobutYl)-2-Pvn'olidone 

A 20.6 g (62.5 mmol) portion of ethyl 3-(1-tert-butoxycarbonylaminocyclobutyl)-4-nitrobutanoate was dissolved in 
500.0 ml of ethanol. mixed with 40.0 ml of Raney nickel (R-100, after washing with water and ethanol) and then stirred 
overnight at room temperature with bubbling of hydrogen gas. After removal of the catalyst by filtration, the solvent was 
evaporated. The resulting residue was dissolved in 200.0 ml of toluene and heated overnight under reflux. After spon- 
taneous cooling, tiie solvent was evaporated to yield 15.13 g (95%) of the title compound. 

^H-NMR(CDCl3) 6: 

1 .43 (9H. s), 1 .7 - 2.6 (8H. m). 3.1 - 3.5 (3H. m). 4.84 (1 H, brs). 6.20 (1 H. brs). 
Reference Example F-8: 

1 >Benzvl>4-(1 ■tert>butoxvcarbonylaminocyclobutvl)'2>Dvrrolidone 

A 15.13 g (59.5 mmoO portion of 4-(1-tert-butoxycart)onylaminocydobutyl)-2-pyrrolidone was dissolved in 30.0 ml 
of N.N-dimethylformamide. cooled in an ice bath, mixed witii 2.62 g (65.44 mmol) of sodium hydride (60% oil suspen- 
sion) and then stirred at room temperature for 30 minutes. This was mixed with 7.78 ml (65.44 mmol) of benzyl bromide 
and stirred overnight at room temperature. Since the starting material partially remained, 1 . 1 9 g (29.74 mmd) of sodium 
hydride and 3.54 ml (29.74 mmol) of benzyl bromide were further added and stirred for additional 5 hours at room tem- 
perature. After evaporation of the solvent, the resulting residue was mixed with water, extracted with ethyl acetate and 
washed with saturated brine. After drying over anhydrous sodium sulfate, tiie solvent was evaporated. Thereafter, ttie 
resulting residue was purified by a silica gel column chromatography (silica get 800 ml. ethyl ac6tate:hexane = 10:1 -> 
1 :1 ^ 2:1) to yield 5.65 g (28%) of the titie compound. 

iH-NMR(CDCl3)5: 

1.41 (9H, s), 1.69 - 1.71 (1H, m), 1.95 - 2.19 (5H, m). 2.36 (1H, dd, J = 17.0. 7.8 Hz), 2.52 (1H. dd, J = 17.0, 
9.2 Hz), 2.95 - 3.29 (3H. m). 4.43 (2H. ABk^. J = 14.6 Hz). 4.77 (1H. brs). 7.22 - 7.34 (5H, m). 

Reference Example F-9: 

4-n ■AminQcvclobutvh-1 -benzvl-2H3vrrolidone trif luoroacetate 

To 5.65 g (16.40 mmol) of 1-benzyl-4-(1-tert4)utQ9(ycart}onylaminocydobutyl)-2-pyrrolidone cooled in an ice bath 
was added dropwise 50.0 ml of triftuoroacetic acid, followed by 1 hour of stining at room temperature. Excess reagent 
was evaporated, and the resulting residue was mixed with toluene and subjected to azeotropic heating to yield the title 
compound quantitatively as a pale yellow oily substance. 

^H-NMR(CDCl3) 8: 

1.73 - 2.35 (6K m). 2.55 (1H, dd, J = 17.5. 7.3 Hz). 2.72 (1H, dd. J = 17.5. 9.7 Hz). 2.83 - 2.92 (1H. m), 3.33 
(1H, dd, J = 10.7. 6.3 Hz). 3.44 - 3.49 (1H. m). 4.43 (2H, AB-q, J = 14.6 Hz). 7.14 • 7.35 (5H. m). 
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Reference Exarnple F-10: 

1-Ben2vl-4-ri-rN'-o4oluen esultonvl-2-(m<)vrrolidinec^ ffr. 1) ffr. 2) 

5 A 5.87 g (16.40 mmol) portion of 4*(1-aminocyclobutyl)-1-benzyt-2-pyrrolidone trifiuoroacetate was dissolved in 
30.0 ml of methylene chloride (stabilizing agent free) and mixed with 1 3.26 ml of pyridine. Thereto was added dropwise 
a solution of 7.07 g (24.6 mol) of D>(R)-N-p-toluenesutfonylpyrophosphorlc acid chloride in 30.0 ml of methylene chlo- 
ride under Ice cooling. After overnight stirring at room temperature, the solvent and excess pyridine were evaporated, 
and the resulting residue was mixed with 1 N hydrochloric add and extracted with chloroform. The extract was washed 

10 with saturated sodium bicarbonate aqueous solution and saturated brine, and then dried over anhydrous sodium sul- 
fate. After evaporation of the solvent, the resulting residue was purified by a silica gel column chromatography (silica gel 
1 kg. ethyl acetate ethyl acetateiisopropyl ether = 50:1) to yield 3.16 g (39%) of (fr.1) and 3.33 g (41%) of (fr.2). 

Low poraltty substance (fr.1) 

IS 

^H-NMR(CDCl3) 6: 

1.55 - 2.37 (12H, m). 2.45 (3H. s). 2.57 (1 H. dd, J = 17.0. 9.2 Hz), 2.90 - 2.98 (1H. m). 3.10 - 3.17 (1H, m). 
3.25 (1 H. t. J = 9.7 Hz). 3,36 (1 H, dd. J = 9.7. 5.8 Hz). 3.51 - 3.56 (1 H. m). 3.85 (1 H, dd. J = 8.3, 2.9 Hz). 4.41 (2H. 
AB-q, J = 14.6 Hz). 7,22 - 7,36 (7H. m), 7.72 (2H. d. J = 8.3 Hz). 

20 

IHigh porality substance (fr.2) 
^H-NMR(CDCl3) 6: 

1.50 - 2.44 (12H. m), 2.45 (3H. s). 2.52 (1H, dd, J = 17.0. 9,2 Hz). 3.03 - 3.18 (3H. m). 3.36 (1H. dd. J = 9.7. 
2S 8.3 Hz). 3.51 - 3.56 (1H. m), 3.88 (1H. dd. J = 8.7, 2.9 Hz), 4.48 (2H. AB-q. J = 14.6 Hz). 7.22 - 7.36 (7H, m), 7.71 
(2H.d.J«8.3 Hz). 

Reference Example F-1 1 : 

30 1-Benzvl-4-(1-aminocvclobutvl)-2-Dvrrolidone ffr. 1) 

A 2.40 g (4.84 mmol) portion of 1-benzyl'4'[1-[N'-p-toluenesulfonyl-2-(R)-pyn'olidinecarbonyl]aminocyclobutyl]-2- 
pyn^olidone (fr. 1) was mixed with 15 ml of water and 15 ml of concentrated hydrochloric acid, and then heated under 
reflux for 2 days. After cooling, the reaction solution was mixed with 100 ml of water, washed with chloroform and then 
35 made alkaline with sodium hydroxide aqueous solution. This was extracted with chloroform (150 ml x 4), washed with 
saturated brine and dried over anhydrous sodium sulfate. By evaporating the solvent. 1.01 g (85%) of the title oo^r^ 
pound was obtained. 

^H-NMR(CDCl3) 6: 

40 1 .44 (2H. brs). 1 .58 - 1 .99 (6H. m). 2.30 - 2.38 (1 H. m). 2.49 - 2.56 (2H. m), 3.03 - 3.07 (1 H. m). 3.28 - 3.32 

(1H. m). 4.45 (2H. AB-q, J = 14.6 Hz). 7.22 - 7.35 (5H. m). 

Reference Example F-1 2: 

45 1-Benzyl-4-(1-aminocyclobut yl)-2-pyrrolkione (fr. 2) 

A 2.84 g (5.73 mmol) portion of 1-benzyl-4-[1-[N'-p-toluenesulfonyl-2-(R)-pyrrolidinecart)onyi]aminocyc!obutyl]-2- 
pyrrolidone (fr. 2) was mixed with 20 ml of water and 20 ml of concentrated hydrochloric acid, and then heated under 
reflux for 2 days. After cooling, the reaction solution was mixed with 100 ml of water, washed with chloroform and then 
50 made alkaline with sodium hydroxide aqueous solution. This was extracted with chloroform (150 ml x 4). washed with 
saturated brine and dried over anhydrous sodium sulfate. By evaporating the solvent, the title compound was obtained 
quantitatively 

^H-NMR(CDCl3) 6: 

55 1 .25 (2H. brs). 1 .59 - 1 .99 (6H, m). 2.30 - 2.37 (1 H. m). 2.48 - 2.58 (2H. m). 3.03 - 3.07 (1 H. m). 3.26 - 3.32 

(1H. m), 4.45 (2H, AB-q, J = 14.6 Hz), 7.22 - 7.35 (5H. m. Ar-H). 



41 



EP0807 630A1 



Reference Example F-13: 

1>Benzvl-3-f1-tert4xitoxv carbonvlaminocvclobu^ (ft. 11 

5 A 1.01 g (4.13 mmol) portion of 1-benzyl-4-(1-aminocyclobutyl)'2-pyrrolidon6 (fr. 1) was dissolved in 150.0 ml of 
tetrahydrofuran. Thereto was subsequently added 627 mg (16.52 mmol) of lithium aluminum hydride in small portions 
under ice cooling. After 12 hours of stimng with heating under reflux, the reaction solution was cooled in an ice bath and 
mixed witti 627 of water in small portions. 627 ^1 of 15% sodium hydroxide aqueous solution and 627 ^1 of water in 
that order. After 30 minutes of stirring at room temperature, insoluble material was removed by filtration and the solvent 

10 was evaporated. To the thus obtained syrup were added 50.0 ml of acetonitrile and then 1 .1 4 ml (4.96 mmol) of di-tert- 
butylcart>onate at room temperature, followed by overnight stin-ing. After evaporation of the solvent, the resulting resi- 
due was purified by a silica gel column chromatography (230 - 400 mesh silica gel 100 ml, 5% methanol-chlorofbrm) to 
yield 212 mg (16%) of the title compound. 

15 ^H-NMR(CDCl3)6: 

1.45 - 1.98 (15H. m), 2.06 - 2.20 (2H. m). 2.47 - 2.52 (IH. m), 2.75 - 3.01 (4H, m). 3.57 (2H. s). 5.15 (1H, 
brs), 7.22 - 7.37 (5H,m). 

Reference Example F-14: 

20 

1 -Benzyl-3-(1 -tert-butoxvcarbonvlaminocvclobutvl)Dvrrolidine (fr. 2) 

A 1.50 g (6.14 mmol) portion of 1 -benzyl-4-(1 -aminocyclobutyl)-2-pyrrolidone (fr. 2) was dissolved in 200.0 ml of 
tetrahydrofuran to which, with cooling in an ice bath, was subsequently added 932 mg (24.56 mmol) of litiiium aluminum 

25 hydride in small portions. After 1 2 hours of stirring with heating under reflux, the reaction solution was cooled in an ice 
bath and mixed with 932 ^1 of water in small portions, 932 (il of 15% sodium hydroxide aqueous solution and 932 ^1 of 
water in that order. After 30 minutes of stirring at room temperature, insoluble material was removed by filtration and the 
solvent was evaporated. To the tiius obtained syrup were added 70.0 ml of acetonitrile and then 1 .69 ml (7.37 mmol) of 
di-tert-butylcarbonate at room temperature, followed by overnight stirring. After evaporation of the solvent, the resulting 

30 residue was purified by a silica gel column chromatography (230 • 400 mesh silica gel 1 50 ml, 5% methanol-chloroform) 
to yield 525 mg (26%) of the title compound. 

^H-NMR(CDCl3)6: 

1.45 - 1.96 (15H. m), 2.06 - 2.20 (2H, m), 2.47 - 2.52 (IH, m), 2.75 - 3.01 (4H. m), 3.57 (2H. s), 4.21 (IH, 
35 brs), 7.25 - 7.37 (5H. m). 

Reference Example F-15: 

3-(1i9rt-BMtP3^qartx?nyl?^minQPycipi?v^]Ynpyrrp^^^^ (fri 1) 

40 

A 21 2 mg (0.65 mmol) portion of 1 -benzyl-3-(1 -tert-butoxycarbonylaminocyclobutyl)pyrrolidine (f r. 1 ) was dissolved 
in 20.0 ml of ethanol, mixed with 200 mg of 10% palladium-cart>on and stirred for 3 hours under a hydrogen pressure 
of 4 atm with warming by an infrared lamp. After removing the catalyst by filtration, the solvent was evaporated to yield 
136 mg (86%) of tiie title compound. 

45 

Reference Example F-16: 

3-(Vt9l1-BMt9xyff^!frQnY'amin9ffYffl9brtYl)PYrrQlidjPQ (fr. 2) 

so A 525 mg (1 .59 mmol) portion of 1 -benzyl-3-(1 -tert-butoxycart)onyiaminocyclobutyl)pyrro1idine (fr. 2) was dissolved 
in 50.0 ml of ethanol, mixed witii 500 mg of 10% palladium-carbon and stirred for 3 hours under a hydrogen pressure 
of 4 atm with warming by an infrared lamp. After removing the catalyst by filtration, the solvent was evaporated to yield 
quantitative amount of tiie titie compound. 

55 Reference E)annple G-1 : 

1«Benzhydryl'3-(p-toluenesulfonvloxy)azetidine 

To 2.39 g (1 0 mmol) of 1 -benzhydryl-3-hydroxyazetidine dissolved in 20 ml of pyridine were added 1 .46 g (1 2 mmoQ 
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of dimethylaminopyridine. Thereto was added 12.10 g (11 mmol) of p-totuenesu!fonyl chloride at *40''C. followed by 
gradual inaease in the tenperature and subsequent 1 day of stirring at room temperature. This was mixed with 150 mi 
of water, extracted with chlorofbrm (100 ml x 3) and then dried over anhydrous sodium sulfate. After evaporation of the 
solvent, the resulting residue was purified by a silica gel column chromatography (250 ml, ethyl acetate:hexane » 1:2) 
5 to yield 2.88 g (73%) of the title compound. 

^H-NMR(CDCl3) 6: 

2.42 (3H. s). 3.02 - 3.06 (2H. m), 3.43 - 3.47 (2H, m). 4.32 (1 H, s), 4.86 - 4.89 (1H. m). 7.15 - 7.76 (14H, m). 

10 Reference Example G-2: 

Diethyl M-benzhvdrvl-3-azBtidinvnmalQnatQ 

To 17.90 g (111.80 mmol) of diethyl malonate dissolved in 250 ml of tetrahydrofuran was added 4.07 g (101.75 
15 mmol) of 60% sodium hydride at room temperature, followed by 2 hours of stirring. Thereafter, thereto was added 20 g 
(50.82 mmol) of 1-benzhydryl-3-(p-toluenesulfbny1oxy)azetidine which has been dissolved in 90 ml of tetrahydrofuran. 
followed by 1 week of heating under reflux The reaction solution was mixed with 10% citric acid aqueous solution and 
then tetrahydrofuran was evaporated. The resulting residue was mixed with saturated sodium bicart)onate aqueous 
solution, extracted with chlorofbrm (200 ml x 3) and dried over anhydrous sodium sulfate. After evaporation of the sol- 
20 vent, the resulting residue was purified by a silica gel column chromatography (230 • 400 mesh silica gel 450 ml, ethyl 
. acetate:hexane » 1 :3) to yield quantitative amount of the titie compound. 

^H-NMR(CDCl3) 6: 

1.21 (6H, t. J = 7.3 Hz), 2.89 - 2.92 (2H, m), 2.97 - 3.05 (1H, m), 3.35 - 3.39 {2H. m), 3.64 (1H, d. J = 10.2 
25 Hz). 4.14 (4H, dd). 4.32 (1H, s), 7.14 - 7.38 (10H. m). 

Reference Example G-3: 

Diethyl (1 ■bgnzvlQxyc;arbQnyl-8'az^idinyl)mqlonat9 

30 

To 3.40 g (8.91 mmol) of diethyl (1-benzhydryl-3-azetidinyl)malonate dissolved in 30 ml of dichloromethane was 
added 1.91 ml (13.36 mmol) of benzyl chloroformate, followed by overnight stirring at room tenperature. After evapo- 
ration of the solvent, the resulting residue was purified by a silica gel column chromatography (250 ml. 3 - 5% methanol- 
dichloromethane) to yield 2.64 g (84%) of the titie compound. 

35 

^H-NMR(CDCl3) 6: 

1 ,25 (6H, t), 3. 1 6 ■ 3.1 9 (1 H. m), 3.62 (1 H, d, J = 1 1 .7 Hz), 3.79 - 3.83 (2H. m). 4.16 ■ 4.22 (4H, m), 5.08 (2H, 
s). 7.31 - 7.35 (5H, m). 

40 Reference Example G-4: 

Ethyl hydrogen (1-benzyloxycarbonyl-3-azetidinyl)malonate 

To 13.43 g (38.33 mmoQ of diethyl (1-benzyloxycarbonyl-3-azetidinyl)malonate dissolved in 130 ml of ethanol was 
45 added 38.44 ml of 1 N potassium hydroxide ethanol solution, followed by overnight stirring at room temperature. After 
evaporation of the solvent, the resulting residue was mixed witii 10% citric acid aqueous solution, extracted witii chlo- 
roform (200 ml X 3) and tiien dried over anhydrous sodium sulfate. By evaporating tiie solvent, quantitative amount of 
the titie compound was obtained. 

50 ^H-NMR(CDCl3)6: 

1.27 (3H. t), 3.17 - 3.22 (1H, m). 3.66 (1H, d, J = 10.7 Hz). 3.83 (2H. dd, J = 5.8, 8.7 Hz). 4.17 - 4.24 (4H, 
m). 5.09 (2H, s). 7.33 • 7.34 (5H. m). 

Reference Example G-5: 

55 

Ethvl 2-(1 -benzyloxvcarbonyl-3-azetidinyl)acrylate 

To 732 mg (2.28 mmol) of etiiyl hydrogen (1-benzyloxycart)onyl-3-azetidinyl)malonate dissolved in 70 ml of ace- 
toniti^ile were added 1 .05 g (5.67 mmol) of Eshenmoser's salt and a catalytically effective amount of potassium acetate. 
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followed by 4.5 hours of heating under reflux. After es/aporation of the solvent, the resulting residue was mixed with 100 
ml of ethyl acetate, washed with 10% citric acid aqueous solution, 10% sodium sulfite aqueous solution and saturated 
brine in that order, and then dried over anhydrous sodium sulfate. By evaporating the solvent, 569 mg (86%) of the title 
confYpound was obtained. 

iH-NMR(CDa3)&: 

1.29 (3H. t). 3.60 - 3.64 (1H. m). 3.91 - 3.95 (2H. m). 4.18 - 4.25 (4H. m). 5.09 (2H, s), 5.66 (1H. d. J « 1.9 
Hz). 6.36 (1 H. d. J = 1 .4 Hz), 7.29 - 7.36 (5H, m). 

Reference Example G-6: 

Ethvl 1-f1-benzvloxvcarbonvl-3-azetidinvl^cvcloDrQDanecarboxvlate 

To 1.27 g (5.76 mmd) of trlmethylsuHbxonium iodide dissolved in 10 ml of dimethyl sulfoxide was added 192 mg 
(4.80 mmol) of 60% sodium hydride, followed by 15 minutes of stirring at room temperature. Thereto was then added 
1 .39 g (4.80 mmol) of ethyl 2-(1 •benzyloxycartx)nyl-3-azetidinyl)acryiate which has been dissolved in 10 ml of dimethyl 
sulfoxide. The resulting mixture was stirred at room temperature for 4 hours and then at 100X for 1 hour. The reaction 
solution was mixed with 200 ml of saturated brine and extracted with ethyl acetate (100 ml x 3), and the organic layer 
was washed with saturated brine (100 ml x 2) and dried over anhydrous sodium sulfate. After evaporation of the solvent, 
the resulting residue was purified by a silica gel column chromatography (100 ml, ethyl acetate:hexane = 1 :2) to yield 
536 mg (37%) of the title compound. 

^H-NMR(CDCl3) 6: 

0.84 (2H. s), 1.20 - 1.25 (5H, m). 3.26 - 3.28 (1H. m), 3.54 (2H. brs), 4.05 - 4.13 (4H, m). 5.08 (2H. s). 7.32 
-7.35(5H.m). 

Reference Example G-7: 

1 -(1 -BgnzylQxyQart?Qnyl-3-azgti<<iny09YQlOprppaneQaTt?^ qcid 

To 2.68 g (8.83 mmol) of ethyl 1-(1-benzyloxycarbonyl-3-azetidinyl)cyclopropanecarbQxylate dissolved in 27 ml of 
ethanol was added 27 ml of 1 N sodium hydroxide aqueous solution, followed by overnight stirring at room temperature. 
After evaporation of the solvent, the resulting residue was mixed with 10% citric acid aqueous solution, extracted with 
chloroform (50 ml x 3) and then dried over anhydrous sodium sulfate. By evaporating the solvent, 2.35 g (97%) of the 
title compound was obtained. 

^H-NMR(CDCl3) 6: 

0.93 (2H, s). 1.31 (2H, d, J = 2.4 Hz), 3.24 - 3.28 (1H. m). 3.54 (2H. brs), 4.06 (2H. brs). 5.08 (2H. s). 7.30 - 
7.37 (5H, m). 

Reference Example G-8: 

1 •Benzyloxyca rbonyl-3-(1 ■t ert-butoxycafbo nylaminocyclopropyl)azetidine 

A 2.35 g (8.54 mmol) portion of 1-(1-benzyloxycarbonyl-3-azetidiny!)cyc!opropanecart)oxyllc acid was dissolved in 
40 ml of tert-butanol and mixed with 3.52 g (12.7 mmol) of diphenylphosphoric acid azide and 2.38 ml (17.07 mmol) of 
triethylamine. and the mixture was then heated overnight under reflux. After evaporation of the solvent, the resulting 
residue was purified by a silica gel column chromatography (silica gel 600 ml, hexaneiethyl acetate = 2:3) to yield 1.84 
g (62%) of the title compound. 

^H-NMR(CDCl3) 5: 

0.75 (2H, s), 0.83 (2H, s), 1.41 (9H, s), 2.82 - 2.89 (1H, m). 3.71 (2H. brs), 4.22 (2H. t. J » 8.7 Hz), 5.06 (1H, 
brs). 5.08 (2H. s), 7.28 - 7.34 (5H, m). 

Reference Exanple G-9: 

3-(1-tert-Butoxycarbonylaminocyclopropyl)azetidine 

To 1.84g (5.31 mmol) of 1-benzyloxycarbonyl-3-(1-tert-butoxycarbonytaminocyclopropyOazetidine dissolved in 100 
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ml of ethanol was added 1 .5 g of 10% palladium-cartDon. followed by overnight catalytic hydrogenation at room temper- 
ature under normal pressure. After removal of the catalyst by filtration, the solvent was evaporated to yield quantitative 
amount of the title compound. 

5 ^H-NMR(CDCl3)6: 

0.79 (2H, brs). 0.87 (2H. s). 1.44 (9H. s). 1.78 (1H, brs). 3.00 (1H, brs). 4.01 (4H. d. J « 7.8 Hz). 5.29 (1H. 

brs). 

Reference Example H-1 : 

10 

DimBthyl 3.4.5.6>tetr afluQrophthalate 

To 300 g (1.26 mol) of 3.4.5.6*tetrafIuorophthalic acid dissolved in methanol and cooled in an ice bath was added 
300 ml of sulfuric acid, followed by 3 days of reflux. After cooling to room tenrperature. the precipitated crystals were 
1$ collected by filtration. After evaporating methanol from the filtrate, the resulting residue was mixed with 2 liters of ice 
water to collect precipitated aystals. The combined aystals were washed with water and then dried to yield 294.86 g 
of the title compound as a partially purified product. 

^H-NMR (400 MHz. CDCI3) 6: 
20 0.95 (6H.S). 

Reference Example H-2: 

Dimethyl 4^iethoxycqftx)nylmethyl-3,$.6-trrflMQrophthal^te 

25 

To 286.4 g (1.077 mol) of dimethyl 3,4,5,6-tetrafluorophthalate dissolved in 750 ml of dimethylformamide were 
added 164 ml (1 .08 mol) of diethyl malonate and 414.63 g (3 mol) of potassium carbonate, followed by 26 hours of stir- 
ring at room temperature. The reaction mixture was filtered, and the filtrate was poured into 1 .200 ml of 4 N hydrochloric 
acid and extracted with ether (1 liter x 2). The resulting organic layer was washed with water (1 liter x 2) and saturated 
30 brine (1 liter) and then dried over anhydrous sodium sulfate. By evaporating the solvent. 433.61 g (1.068 mol, 99.2%) 
of the title compound was obtained as a partially purified product 

iH-NMR(400MHz, CDCI3) 5: 

1.29 (6H, t, J = 7.5 Hz), 3.92 (3H, s). 3.96 (3H. s). 4.28 (4H. q, J = 7.5 Hz), 4.98 (1H, s). 

35 

Reference Example H-3: 

4-CarboxymethYl-3.5.6-trifluoroohthalicacid 

40 Two liters of 60% sulfuric acid was added to 433.6 g (1 .068 mol) of dimethyl 4-diethoxycartx)nylmethyl-3.5.6-trif luor- 
ophthalate, followed by stirring for 40 hours at 1 10°C. After cooling to room temperature, this was poured into 1 liter of 
water and extracted with ethyl acetate (1 liter x 3). The organic layer was washed with 1 liter of water and 1 liter of sat- 
urated brine, and then dried over sodium sulfate. By evaporating the solvent, 304.35 g of the title compound was 
obtained as a partially purified product. 

45 

^H-NMR(400MHz. D20)6: 
3.77 (2H, s). 

Reference Example H-4: 

so 

2.4.5-TrifluorQ-3-methvlbenzoic acid 

To 304.35 g of 4-cart>oxymethyl-3.5.6-trifluorophthalic acid dissolved in 1 .5 liters of dimethyl sulfoxide was added 
0.5 liter of triethylamine, followed by 64 hours of stirring at 140''C. After cooling to room temperature, dimethyl sulfoxide 
55 was evaporated. The resulting residue was mixed with 1 liter of 1 N hydrochloric acid and extracted with ether (1 liter x 
3). The organic layer was washed with 1 liter of water and 1 liter of saturated brine, and then dried over sodium sulfate. 
By evaporating the solvent. 1 77.94 g (0.64 mol, 60%) of the title compound was obtained as a partially purified product. 

^H-NMR(400 MHz. CDCI3) 6: 



45 



EP0807 630A1 



2.29 (3H. t, J = 1.5 Hz). 7.70 (1H. dt. J = 6.5. 9.5 Hz). 

Reference E)fflnfiple H-5: 

5 2.4.5-Trifluoro-3-methvl-6-nitrobenzoicacid 

A 43.4 g (0.21 mol) portion of 2.4.5-trifluoro-3-methylbenzoic acid was added to 120 ml of concentrated sulfuric 
acid under ice cooling. Thereto was added dropwise fuming nitric acid (d 1 .52) in such a manner that the reaction tem- 
perature did not exceed 30*^0. After completion of the dropwise addition, this was stinted for 1 hour at room temperature. 
10 After completion of the reaction, the reaction solution was poured into 1 .5 liters of ice water to collect the formed crystals 
by filtration. The thus obtained crystals were washed with water (100 ml x 3) and dissolved in 500 ml of ethyl acetate, 
and the solution was dried over anhydrous sodium sulfate. The filtrate obtained above was extracted with chloroform 
(300 ml X 4) and dried over anhydrous sodium sulfate. Thereafter, the organic layers were combined and concentrated 
to yield 50.3 g (quantitative) of the title compound. 

IS 

^H-NMR (400 MHz, CDCI3) 5: 
2.36 (3H. t. J » 2.44 Hz). 

Reference Example H-6: 

20 

Ethvl 2.4.5-trif]uQroa-methvl-6-nitrQbenzQvlacetate 

2.4,5-Trifluoro-3-methyl-€-nitrobenzoic acid was suspended in 490 ml of benzene to which was subsequently 
added dropwise 30.4 ml (0.42 mol) of thionyl chloride at room temperature. After completion of the dropwise addition, 

2S the reaction solution was heated under reflux for 22 hours. After evaporation of benzene, the resulting residue was sub- 
jected twice to azeotropic treatment with 200 ml of benzene to yield crude 2,4,5-trif luoro-3-methyl-6-nitrobenzoyl chlo- 
ride. A 6.13 g (0.25 mol) portion of magnesium was mixed with 200 ml of ethanol. Thereto was added dropwise 10 ml 
of cart>on tetrachloride at room temperature, followed by 6 hours of stirring at the same temperature. When magnesium 
was dissolved, 44 ml (0.29 mol) of diethyl malonate dissolved in 1 50 ml of tetrahydrofuran was added dropwise thereto, 

30 spending 1 hour. After completion of the dropwise addition, the mixture was stirred for 2 hours at room temperature. 
After completion of the reaction, the solvent was evaporated and the resulting residue was dried under a reduced pres- 
sure. The thus obtained solid matter was mixed with 300 ml of tetrahydrofuran to which was subsequently added drop- 
wise 150 ml of tetrahydrofuran solution of the acid chloride obtained above in 1.5 hours. After completion of the 
dropwise addition, the reaction solution was stirred for 2 hours at room temperature. After completion of the reaction, 

35 the reaction solution was mixed with 400 ml of ethyl acetate and washed with 10% citric add (500 ml x 1), water (500 
ml X 1) and saturated brine (500 ml x 1) In that order. The organic layer was dried over anhydrous sodium sulfate and 
the solvent was evaporated. The resulting residue was mixed with 1 .5 liters of water and 1 .5 g of p-toluenesulfonic add. 
and heated under reflux for 1 .5 hours. After completion of the reaction, the reaction solution was spontaneously cooled 
and extracted with benzene (500 ml x 5). The organic layers were combined, washed with 500 ml of saturated brine and 

40 dried over anhydrous sodium sulfate. After evaporation of the solvent, the resulting residue was subjected to a silica gel 
column chromatography to yield 37.65 g (44%) of the title compound from the eluate of hexaneiethyl acetate » 95:5. 

^H-NMR (400 MHz. CDCI3) 5: 

1.26 and 1.34 (3H. each t. J » 7.33 Hz). 2.33 and 2.35 (3H. each t, J » 2.44 Hz). 3.90 (1.35H, s). 4.20 and 
45 4.28 (2H. each q, J » 7.33 Hz), 5.48 (0.325H, s), 12.34 (0.325H, s). 

Reference Example H-7: 

Ethvl 6.7-df1luoro-1-[(1 R.2S)-2-fluorocyclopropyr|-1 .4<iihvdro-8-methyl-5-nitro-4-oxoquinoline-3-cartx)xvlate 

so 

To 16.4 g (53.8 mmol) of ethyl 2,4.5-trifluoro-3-methyl-6-nitrobenzoylacetate were added 17.9 ml (107.6 mmol) of 
ethyl orthofbrmate and 29 ml of acetic anhydride, followed by 2 hours of stirring at 100*^0. The solvent was evaporated, 
and the resulting residue was dissolved in 200 ml of toluene and mixed with 16 g (64.7 mmol) of p-toluenesulfonic acid 
salt of (1 R.2S)-2-fluorocyclopropylamine. With cooling in an ice bath, thereto was added dropwise 10.87 ml (78 mmol) 
ss of triethylamine dissolved in 30 ml of toluene. After completion of the dropwise addition, this was stirred for 2 hours at 
the same temperature. The reaction solution was mixed with 200 ml of ethyl acetate and washed with water (500 ml x 
1) and saturated brine (500 ml x 2) in that order. The organic layer was dried over anhydrous sodium sulfate and the 
solvent was evaporated. The resulting residue was dissolved in 150 nr)l of 1.4-dioxane. Thereto was subsequently 
added 3.23 g (80.7 mmol) of sodium hydride in small portions under ice cooling. After 1 hour of stirring at room temper- 
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ature. the reaction solution was poured into 0.5 N hydrochloric add which was cooled in an ice baih. The thus formed 
crystals were collected by filtration, washed with water (100 ml x 3) and then recrystallized from chloroform-ethanol to 
yield 13.9 g (70%) of the titie compound. 

5 Melting point: 230 • 23rC 

^H'NMR (400 MHz. CDCI3) 5: 

1 .38 (3H. t J = 7.33 Hz). 1 .35 - 1 .45 (1 H. m). 1 .58 - 1 .70 (1 H, m). 2.75 (3H. d. J = 3.42 Hz). 3.85 - 3.93 (1 H, 
m). 4.37 {2H. q, J = 7.33 Hz). 4,80 - 4.83 and 4.95 - 4.99 (1H. m). 8.57 (1H, d, J = 2.93 Hz). 

10 Reference Example H-8: 

Ethvl 5-aminQ-6.7^ifluoro-rn R.2S^2>fluorDCvcloDroDvn-1 ■4^ihvdro-8-methvl-4-oxoQuinoline-3-carboxvlate 

A 3.91 g (37.6 mmol) portion of ethyl 6.7<lifluoro-1-[(1R.2S)-2-fluorocyclopropyQ-1,4<lihydro-8-methyl-5-nitro-4- 
15 oxoquinoline-3-cartx)xylate was suspended in 1 liter of a 1 :1 mixture of methanol and 1 ,4-dioxane. This was mixed with 
200 ml of Raney nickel and stirred for 10 minutes at room temperature. After completion of the reaction, the reaction 
solution was filtered and the resulting filtrate was concentrated. The resulting residue was dissolved in 300 ml of chlo- 
roform and filtered through celite. By concentrating the filtrate. 12.5 g (98%) of the title compound was obtained. 

20 ^ H-NM R (400 MHz. CDCI3) 6: 

1 .25 - 1 .38 (1 H. m). 1 .39 (3H, t, J = 7.33 Hz), 1 .45 - 1 .59 (1 H, m), 2.46 (3H. d. J = 2.44 Hz). 3.73 - 3.79 (1 H, 
m). 4.38 (2H, q. J = 7.33 Hz). 4.73 - 4.75 and 4.88 - 4.92 (1 H. m). 6.99 (2H. br s). 8.40 (1 H. d. J = 3.42 Hz). 



25 



30 



Elementary analysis for 
C16H13F3N2O5O/4H2O: 



Calcd.: 
Found : 



C 51.28 
C51.51 



H3.63 
H3.58 



N7.47 
N7.43 



35 



40 



45 



SO 



55 



Reference Example H-9: 

5-Aminp-6J-dff iMoro-[(1 R.gS)-?-flwrQCYClQprQpyn-1 .4<<ihydrp-8-methYHi?yQqwinQlin9-9-carbQXYlic acid 

A 10.43 g (30.6 mmol) portion of ethyl 5-amino-6.7-difluoro-((1R.2S)-2-fluorocyclopropyl]-1.4-dihydro-8-methyl-4- 
oxoquinoline-3-cartx>xylate was mixed with 150 ml of acetic acid and 150 ml of concentrated hydrochloric add and then 
heated under reflux for 1 hour. After completion of the reaction, the reaction solution was spontaneously cooled and 
mixed with 700 ml of water. The thus formed crystals were collected by filtration, washed with water (100 ml x 2), etha- 
ne! (300 ml X 1) and ether (300 ml x 1) in that order and then dried to yield 7.52 g (79%) of the titie compound. 

Melting point: 293 - 297^*0 (decomposition). 
^H-NMR (400 MHz. 0.1N NaOD) 6: 

1.31 - 1.42 (1H. m). 1.53 ■ 1.68 (1H. m). 2.52 (3H. s). 4.03 - 4.10 (1H. m), 4.85 - 4.93 and 5.05 - 5.10 (1H. 
m). 8.32 (IH.s). 

Reference Example 1-1: 

Ethvl 2.3.4.5.6-pentafluorobenzoylacetate 

A mixture consisting of 100 g (0.47 mol) of pentafluorobenzoic acid. 900 ml of benzene and 350 ml (4.80 mol) of 
thionyl chloride was heated under reflux for 40 hours. After completion of tiie reaction, the reaction solution was con- 
centrated under a reduced pressure. After repetition of evaporation with benzene (900 ml x 2), the resulting residue was 
dissolved in 500 ml of ether. A mixture consisting of 1 1 .5 g (0.47 nrK)l) of magnesium, 450 ml of ethanol and 20 ml of 
csabon tetrachloride was stinted at room temperature for 1 hour, and 71 .6 ml (0.47 mol) of diethyl malonate dissolved in 
900 ml of etiier was added dropwise thereto. After 17 hours of stirring at the same temperature, tiie reaction solution 
was evaporated to dryness under a reduced pressure, and the residue was dissolved in 1 .500 ml of ether. To this was 
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added dropwise the above acid chloride at room temperature, followed by 63 hours of stirring at the same temperature. 
After completion of the reaction, the reaction solution was washed with 10% citric acid and water in that order, and then 
dried over anhydrous sodium sulfate, subsequently evaporating the solvent. The residue was mixed with 300 ml of 
water and 1 .00 g (5.81 mmol) of p-toluenesulfonic acid, heated under reflux for 6 hours, mixed with 2.500 ml of benz&ie 
5 and then washed with water. The organic layer was dried over anhydrous sodium sulfate and the solvent was evapo- 
rated. The resulting residue was purified by distillation under a reduced pressure (10 mmHg, 1 18 - 120''C) to yield 89.7 
g (67%) of the titie compound. 

Reference Exanrple 1-2: 

10 

Ethyl 5.6.7.8-tetraf luoro-1 -[(1 R.2S)-2-fluorocvcloDroDv11-1 ■4<lihvdrQ-4'Oxoqutnoline-3-cart>oxylate 

A 14.4 g (51.0 mmol) portion of ethyl 2,3,4.5.6-pentafluorobenzoytacetate was dissolved in 150 ml of benzene, 
mixed with 28.8 ml (204 mmol) of N.N-dimetiiylfbrmamide dimethylacetal and then heated under reflux fbr 3 hours. After 
15 completion of the reaction, tiie solvent was evaporated. The resulting residue was mixed with 120 ml of toluene and 
12.6 g (51.0 mmol) of (1R,2S)-2-fluoropropylamine p-toluenesuKonic acid salt and cooled in an ice batii, to which was 
subsequentiy added dropwise toluene (39 ml) solution of 8.54 ml (61.2 mmol) trietiiylamine. After completion of the 
dropwise addition, tills was stirred fbr 1 hour at room temperature. After completion of the reaction, the reaction solution 
was filtered by suction, the filtrate was washed with water (50 ml x 3) and then the water layer was extracted with ethyl 
20 acetate (100 ml x 3). The organic layers were combined, washed with saturated brine and then dried over anhydrous 
sodium sulfate, followed by evaporation of the solvent. The residue was mixed with loami of 1,4-diQxane, cooled in an 
ice bath and mixed with 2.04 g (51 .0 mmol) of 60% sodium hydride, fbllowed by 2 hours of stirring at room temperature. 
After completion of the reaction, tfie reaction solution was poured into 10% citric acid and extracted with dichlorometh- 
ane (200 ml x 2). The organic layer was washed with saturated brine and dried over anhydrous sodium sulfate, subse- 
ts quentiy evaporating tiie solvent. The resulting residue was crystallized from dichloromethane-isopropyl ether. The thus 
obtained crystals were collected by filtration, washed thoroughly with ether and then dried under a reduced pressure to 
yield 12.6 g (71%) of the titie compound. 

^H-NMR (400 MHz, CDCI3) 5: 

30 8.46 (1H, s), 5.02 - 4.80 (1H. m). 4.37 (2H, q, J = 7.32 Hz), 3.83 - 3.75 (1H. m), 1.75 - 1.55 (2H, m), 1.40 

(3H, t, J = 7.32 Hz). 

Reference Example 1-3: 

35 Ethyl 5-benzyloxy^.7.8-trifluorQ-1 -[(1 R.2S)-2-f luorocyclopropyq-1 .4-dihydro-4-oxoquinQline-3-carbQxylate 

A 2.35 g (6.77 mmol) portion of ethyl 5,6,7,8-tetraf luoro-1 -[(1R,2S)-2-f luorocyclopropyl]-1,4-dihydro-4-oxoquino- 
line-3-carboxylate was dissolved in 20 ml of toluene and mixed with 0.70 ml (6.77 mmol) of benzyl alcohol. After cooling 
to 0**C. this was furtiier mixed with 280 mg (6.99 mmol) of 60% sodium hydride which has been suspended in 10 ml of 
40 toluene, and tiie mixture was stirred at tiie same tenperature for 2 hours and tiien at room temperature fbr 2 hours. 
After completion of tiie reaction, the reaction solution was mixed witii 1 0% citric acid and extracted with chloroform (100 
ml X 2). The organic layer was dried over anhydrous sodium sulfate and the solvent was evaporated. The resulting res- 
idue was purified by a silica gel column chromatography (hexane:ethyl acetate = 1:1) to yield 1.68 g (57%) of the titie 
compound. 

45 

^H-NMR(400 MHz. CDCI3) 6: 

8.41 (1 H. s), 7.62 - 7.28 (5H. m). 5.25 and 5.19 (2H, AB d. J = 10.25 Hz), 5.00 - 4.77 (1H, m). 4.39 (2H. q, 
J = 7.33 Hz), 3.82 - 3.72 (1 H, m), 1 .70 - 1 .53 (2H. m), 1 .39 (3H, t, J = 7.33 Hz). 

50 Reference Example 1-4: 

6,7,8-Tilf luQTQ-l -Kl R.2S)'2-f luoTQcyctopropyg-l .4-dihydrp-5-hyclroxy-4-QXQquinQline-3-carbPxylate 

A 1 .68 g (3.86 mmol) portion of ethyl 5-benzyloxy-6,7.8-trif luoro-1 -[(1 R.2S)-2-f luorocyclopropyl]-1 ,4-dihydro-4-oxo- 
55 quinoline-3-carboxylate was mixed with 15 ml of a acetic add-water-suKuric acid mixture (8:6:1) and heated for 1 hour 
at lOO'^C. The reaction solution was cooled to room temperature and mixed witii 20 ml of water, and tiie tiius formed 
crystals were collected by filtration, washed thoroughly with water and tiien dried under a reduced pressure to yield 1 .04 
g (85%) of the titie compound. 
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iH-NMR(400 MHz. CDCI3) 6: 

13.11 (1H, s). 13.10 - 12.75 (1H, br), 8.82 (1H. s), 5.09 - 4.83 (1H, m), 3.99 - 3.88 (1H, m), 1.86 - 1.69 (2H. 

m). 

5 Inventive Example 10: 

5- Amino-7-rr3RV3-n -aminocvcloproovft- 1 -Dvrrolidinvp-6.8^rf tuoro-l -f f 1 R.2SV2-f luorocvclODroDvn-1 .4<lihvdro-4-oxo- 
Quinoline-3-carboxvlic acid hydrochloride 

10 



IS 




20 



A 278.8 mg (1.25 mmol) portion of 1-benzyloxycait>onyl-3-(1-tert-butoxycarbonylaminocyclopropyl)pyrrolidine was 
2S suspended in 10 ml of acetonitrile to which were subsequently added 194.8 mg (0.62 mmol) of 5-amino-6.7,8-trif!uoro- 
[(1 R,2S)-2-fluorocyclopropyI]-1 ,4-dlhydro-4-oxoquinoline-3-carboxylic acid and 0.60 ml (4.30 mmol) of triethylamine, 
followed by 1 1 hours of heating under reflux. After evaporation of the solvent, the resulting residue was mixed with chlo- 
rolbrm. washed with water, 10% citric acid aqueous solution and saturated brine in that order, and then dried over anhy- 
drous sodium sulfate, subsequently evaporating the solvent. The resulting residue was developed twice by a silica gel 
30 thin layer chromatography (lower layer of chloroform:methanolnvater » 7:3:1) to yield a mixture of yellow oil and solid. 
The thus obtained tert-butylcarbamate compound was cooled in a sodium chloride-ice bath, and 8.0 ml of trif luoroacetic 
acid was added dropwise thereto. After 20 minutes of stirring at the same temperature, trif luoroacetic acid was evapo- 
rated, and the resulting residue was washed three times by decantatlon after addition of etfier. The thus obtained pale 
yellowish brown powder was dissolved in 1 N sodium hydroxide aqueous solution, and the solution was adjusted to pH 
35 7.4 witii hydrochloric acid, extracted with chloroform-methanol (10:1) and then dried over anhydrous sodium sulfate, 
subsequentiy evaporating the solvent. The resulting residue was mixed with ether, and the thus formed powder was dis- 
solved in ethanol. mixed with hydrochloric acid-dietiiyl ether and then stirred at room temperature. After evaporation of 
the solvent, the resulting residue was washed tiiree times by decantation after addition of ether, and tiie resulting yellow 
solid was reaystallized from ethanol to yield 55.7 mg (26.2%) of the titie compound as yellow powder. 

40 

Melting point: 240.0 - 260.0'*C 
^H-NMR(D20) 6: 

0.75 - 0.95 (4H. m), 1.22 - 1.60 (3H. m), 1.86 - 2.02 (1H. m), 2.40 - 2.62 (1H, m). 3.18 - 3.40 (1H. m), 3.40 - 
3.82 (4H. m). 4.65 - 4.98 (1H. m). 8.20 (1H. s). 

45 



SO 



SS 
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Inventive Example 11: 

7-ff3R)-3-( 1 -AminocvcloprooviM -pvrrolidinv n-S-f luoro-1 -fH R.2S)-2-HuorocvdoproDvlM .4-dihvdro-8-methoxv-4-oxo 

qMinQlin9'3-cart»xylic acM 



10 




A 433 mg (1.2 mmol) portion of (3R)M-benzytoxycartx)nyl-3-(14ert'butoxycartx>ny1aminocyciopropyl)pyiTolidine 

20 was dissolved in 10 ml of methanol to which was subsequently added 100 mg of S% palladium-carbon to carry out 2 
hours of hydrogenation under normal pressure with warming an infrared lamp. After conpletion of the reaction, .5% 
palladium-cartx>n was removed by filtration and methanol was evaporated. The resulting residue was dissolved in 10 
ml of dimethyl sulfoxide (DMSO) to which were subsequently added 0.1 74 ml (1 .25 mmol) of triethylamine and 21 7 mg 
(0.6 mmol) of 6,7Kjifluoro-[(1R,2S)-2-fluorocydopropyq-1,4<lihydro-8-methoxy-4-oxoquinoline-3K:aft)Ox^ acid BF2 

25 chelate, followed by 25 hours of stin'ing at room temperature. After completion of the reaction, DMSO was evaporated, 
the resulting residue was mixed with water, and the thus formed crystals were collected by filtration and washed with 
water (10 ml x 4). The thus obtained crystals were dissolved in 20 ml of methanol and 5 ml of water, and the solution 
was mixed with 0.3 ml of triethylamine and heated under reflux for 4.5 hours. After completion of the reaction, the reac- 
tion solution was mixed with 50 ml of water, methanol was evaporated and then the resulting residue was extracted with 

30 chloroform (50 ml x 2). The organic layers were combined and dried over sodium sulfete, and the solvent was evapo- 
rated. A 1 0 ml portion of concentrated hydrochloric acid was added dropwise to the resulting residue which was cooled 
in an ice bath, followed by 10 minutes of stirring at the same temperature. After completion of the reaction, the reaction 
solution was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, fol- 
lowed by extraction with chloroform (100 ml x 5). The organic layers were combined and dried over anhydrous sodium 

35 sulfate, and then the solvent was evaporated. Thereafter, the resulting residue was reaystallized from methanol-2-pro- 
panol to yield 181 mg (72%) of the title conripound. 

Melting point: 195- 197*C 

[a]Q^^ = -123.10. (c = 0.515. 1 N sodium hydroxide aqueous solution) 
40 1 H-NMR (400 MHz. 0. 1 N NaOD) 6: 

0.60 {4H. s). 1.34 - 1.60 (2H. m), 1.71 - 1.82 (1H, m). 1.99 - 2.07 (1H, m), 2.20 - 2.29 (1H, m), 3.46 - 3.65 
(2K m). 3.60 (3H. s). 3.69 - 3.78 (1H. m), 3.98 - 4.07 (1H, m), 4.93 - 4.96 and 5.12 - 5.15 (1H. m), 7.60 (1H, d, J = 
13.67 Hz), 8.43 (1 H, d, J = 2.93 Hz). 



Elementary analysis for C21H23F2N3O4 


Calcd.: 
Found : 


C 60.14 
C 60.02 


H5.53 
H5.45 


N 10.02 
N9.92 
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Inventive Example 12: 

7-f(3R)-3-(VAminQCYClopropYl)-1-pYrroHdinYn-6-fluQro-1- f(1R.2S)^^ 
nolin9>3-cafboxYlic acid 

5 



10 




A 322 mg (0.89 mmol) portion of (3R)-1-benzyloxycartx)nyl-3-(1-tert-butoxycart)onylaminocyclopropyl)pyrrolidine 

20 was dissolved in 10 ml of methanol to which was subsequently added 100 mg of 5% palladium-cartx>n to carry out 2 
hours of hydrogenation under normal pressure with warming by an infrared lanrp. After, completion of the reaction, S% 
palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was dissolved in 3 ml 
of sulfolane to which were subsequently added 0.124 ml (0.89 mmol) of triethylamine and 172 mg (0.5 mmol) of 6.7- 
dif luoro-[(1 R,2S)-2-f luorocyclopropyQ-l .4-dihydro-8-methyl-4-o)(oquinoiine-3-carfooxylic acid BF2 chelate, followed by 6 

2S days of stirring at room temperature. After completion of the reaction, the reaction solution was mixed with 100 ml of a 
solution of ethyl acetate:diethyl ether = 1 :1. washed with 10% citric acid (100 ml x 2) and then dried on sodium sulfate. 
After evaporation of the solvent, the thus obtained residue was dissolved in a mixture solvent consisting of 50 ml of 
methanol and 10 ml of water, and the solution was mixed with 1 ml of triethylamine and heated under reflux for 4 hours. 
After completion of the reaction, methanol was evaporated and the resulting residue was mixed with 100 ml of diethyl 

30 ether and washed with 10% citric acid (100 ml x 3). The organic layer was dried over magnesium sulfate, and the sol- 
vent was evaporated. The resulting residue was subjected to a silica gel thin layer chromatography (methanol chloro- 
form s 1 :9), and the resulting silica gel was collected and extracted with a solvent system of methanol ichloroform = 1 :9. 
A 10 ml portion of concentrated hydrochloric acid was added dropwise to the thus obtained compound which was 
cooled in an ice bath, followed by 30 minutes of stinging at the same temperature. After completion of the reaction, the 

35 reaction solution was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric 
acid, followed by extraction with chloroform (100 ml x 4). The organic layers were combined and dried over anhydrous 
sodium sulfate, and then the solvent was evaporated. Thereafter, the resulting residue was reaystallized from 2-propa- 
nol to yield 81 mg (40%) of the title compound. 

40 Melting point: 195 • 1 97**C 

Md^^ = -320.00, (c = 0.270. 0.1 N sodium hydroxide aqueous solution) 

^H-NMR (400 MHz. 0.1 N NaOD) 6: 

0.58 (4H, s), 1.21 - 1.38 (1H, m). 1.60 - 1.82 (2H, m), 2.01 - 2.07 (1H, m), 2.22 - 2.32 (1H, m), 2.53 (3H, s), 

3.38 - 3.43 (2H, m). 3.52 - 3.59 (1H. m), 3.75 - 3.83 (1H, m), 4.10 - 4.14 (1H. m). 4.93 - 4.96 and 5.09 - 5.14 (1H, 
45 m), 7.71 (1H. d, J = 14.16 Hz), 8.45 (1H, d. J = 2.44 Hz). 





Elementary analysis for C21 H23F2N3O3 


so 


Calcd.: 


C 62.52 


H5.75 


N 10.42 




Found : 


C 62.48 


H5.78 


N 10.25 
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Inventive ExaiT^le 13: 



7-ff^m-3■r^AminQCvclOD^oovn-1-D^^o^idi^vn■6>fluoro>14f 1R.2S^2■fluoro^^ 
carboxylicacid 



10 



IS 



o o 



o o 



A,' 




20 



2S 



30 



35 



40 



A 322 mg (0.89 mmol) portion of (3R)-1-benzyloxycai1x)nyl-3-(1-tert4Dutoxycartx)nylaminocyclopropyl)pyrTolidin 
was dissolved in 10 ml of methanol to which was sut>sequentty added 100 ma of 5% palladium-cartx>n to can^y out 2 
hours of hydrogenation under normal pressure with warming by an Infrared lamp. After completion of the reaction, 5% 
palladium-cartx>n was removed by filtration and methanol was evaporated. The resulting residue was dissolved in 5 ml 
of acetonitrile to which were subsequently added 0.5 ml of triethylamine and 113 mg (0.4 mmol) of 6,7-difluoro- 
[(1R,2S)-2-fiuorocyclopropyl]-1,4-dihydro-4-oxoquinollne-3-carlx)xylic add. followed by 18 hours of heating under 
reflux. After completion of the reaction, the reaction solution was spontaneously cooled to collect the thus formed crys- 
tals by filtration. With cooling in an ice bath, to the thus obtained crystals was added dropwise 5 ml of concentrated 
hydrochloric acid, followed by 30 minutes of stimng at the same temperature. After completion of the reaction, the reac- 
tion solution was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric add. 
followed by extraction with chloroform (50 ml x 3). The organic layers were combined and dried on sodium sulfete, and 
then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from liquid ammonia-ethanol to 
yield 120 mg (77%) of the title compound. 

Melting point: 240 - 242^0 

[a]o^^ = *32.30. (c =5 0.260. 0.1 N sodium hydroxide aqueous solution) 
^H-NMR (400 MHz. 0.1 N NaOD) 6: 

0.57 (4H, s), 1.68 - 1.83 (3H. m), 2.01 - 2.10 (1H, m), 2.19 - 2.25 (1H. m). 3.29 - 3,35 (1H. m), 3.48 ■ 3.65 
(4H. m). 5.12 - 5.17 and 5.28 - 5.33 (1H. m), 6.80 (1H. d. J = 7.32 Hz), 7.76 (1H. d. J = 15.13 Hz). 8.39 (1H. s). 



45 



Elementary analysis for C20H21F2N3O3 


Calcd.: 
Found : 


C61.69 
C 60.64 


H5.44 
H5.27 


N 10.79 
N 10.59 



50 



55 
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Inventive Example 14 

7-f(3m-3>(1 >AminQcvdoproovn-1 ■Dyrrolldinvn -6^luoro-1 -ff 1 R.2SV2-f luorocvdoproDvll-l .4-dihvdro-4-QXO-1 .8-naohthv- 
rldlne-3^rboxylicacld 



0 0. GO 




A 180 mg (0.5 mmol) portion of (3R)-1-benzyloxycartx)nyl-3-(1-tert4)utoxy<»rt)onylaminocyclopropyl)pyrrolkjl^ 
was dissolved in 10 ml of methanol to which was subsequently added 100 mg of 5% palladiunrvcarbon to canry out 2 
hours of hydrogenation under normal pressure with warming by an infrared lamp. After completion of the reaction. 5% 
palladium-cart>on was renruyved by filtration and methand was evaporated. The resulting residue was dissolved in 5 ml 
of acetonitrile to which were subsequently added 0.5 ml of trlethylamine and 144 mg (0.48 mmol) of 7-chloro-6-fluoro- 
[(1R,2S)-2-fluorocyclopropyO-1,4-dihydro-4-oxo-1,8-naphthylidine-3-cart)oxylic acid, followed by 1 hour of heating 
under reflux and subsequent 18 hours of stirring at room temperature. After completion of the reaction, the reaction 
solution was spontaneously cooled, and the thus fbrmed aystals were collected by filtration. A 5 ml portion of concen- 
trated hydrochloric add was added dropwise to the thus obtained crystals under ice cooling, followed by 30 minutes of 
stirring at the same temperature. After completion of the reaction, the reaction solution was adjusted to pH 12 with 
sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric add, followed by extraction with chloroform (50 
ml X 3). The organic layers were combined and dried over sodium sulfate, and then the solvent was evaporated. TTiere- 
after, the resulting residue was recrystallized from liquid ammonia-ethanol to yield 79 mg (42%) of the title compound. 



Melting point: 232 - 234<'C 

Md^^ = 58.33. (c = 0.120. 0.1 N sodium hydroxide aqueous solution) 
^H-NMR (400 MHz, 0.1 N NaOD) 5: 

0.58 (4H, s), 1.60 - 1.87 {3H, m). 2.05 - 2.15 (1H, m), 2.20 - 2.31 (1H. m). 3.48 - 3.79 (3H, m), 3.95 - 4.07 
(2H. m). 5.02 - 5.09 and 5.19 - 5.23 (1H. m), 7.85 (1H, d. J « 13.19 Hz), 8.37 (1H, s). 



Elementary analysis for CigH2oF2N403 


Calod.: 
Found : 


C 58.46 
C 59.39 


H5.16 
H4.97 


N 14.35 
N 14.27 



53 
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Inventive Example 15: 

7-f3-(1 -AminocvdQbutvft-1 -Dvrrolidinvn-6-fluoro-1 -fM R.2SV2 -f iuorocvdopropvn-1 ■4<lihvdro-8-methvl-4-oxoQuinoline- 
3-carboxvllcacidffr.2) 




COOH 



To 446 mg (1.30 mmol) of 67<iifluoro-[(1R.2S)-2-fluorocyclopropyn-1.4Klihydro-8-methyt-4-oxoquinoline-3-car- 
boxyiic acid BF2 chelate dissolved In 6 ml of sulfolane were added 530 mg (2.20 mmol) of 3-(1-tert-butoxycartx)nylami- 
nocyclpbutyl)pyn'olidine (fr. 2) and 0.54 ml of triethylamine, followed by 12 days of stirring at room temperature. After 
evaporation of triethylamine, the resulting residue was mixed with 10 ml of water and stirred at room temperature for 30 
minutes. The thus formed crystals were washed with water, collected by filtration and then dissolved in 20 ml of a mixed 
solvent of methanol nA/ater = 9:1, and the solution was mixed with 4 ml of triethylamine and heated under reflux for 3 
hours. After evaporation of the solvent, the resulting residue was mixed with 50 ml of chloroform, washed with 10% citric 
acid (20 ml x 2) and dried on magnesium sulfate, and the solvent was then evaporated. A 5 ml portion of concentrated 
hydrochloric acid was added to the resulting residue and stirred at the room temperature for 2 hours, and then the reac- 
tion solution was washed with chloroform (5 ml x 2). The reaction solution was adjusted to pH 7.3 with 20% sodium 
hydroxide aqueous solution and extracted with chloroform (30 ml x 3). The organic layers were combined and dried over 
sodium sulfate, and then the solvent was evaporated. The resulting residue was separated and purified by a preparative 
TLC (developed by the lower layer of chloroform:methanol:water = 7:3:1) and recrystallized from ethanol to yield 220 
mg (41%) of the title compound. 



Melting point: 140 - 143''C 
^H-NMR (400 MHz. 0.1 N NaOD) 6: 

1.06 - 1.21 (1H. m), 1.55 ■ 1.71 (3H, m), 1.81 - 1.85 (3H, m). 1.91 - 2.08 (3H. m), 2.33 - 2.48 (4H. m). 3.17 - 
3.24 (2K m), 3.44 - 3.48 (1H. m). 3.67 - 3.68 (1H. m). 4.02 - 4.05 (1H. m). 7.64 (1H, d. J o 14.16 Hz). 8.44 (IN, s). 
[ctlo^ = -318.47, (c = 0.184. methanol/chlorofbrm = 2/1) 



Elementary analysis for 

Ci9Hi9N403F3-1/4H20 



Calod.: 


C 60.68 


H6.25 


N9.65 


Found : 


C 60.41 


H6.20 


N9.58 
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Inventive Example 16: 

5-Amino-6.8<iifluoro-1-fnR.2SV2-fluorQCvdooroDYn-1 .4-dihvdro>7>r^^ 
oxoquinQlinQ-3^rt30xylic acid 

5 



10 




IS 



A 310 mg (0.83 mmol) portion of (3R)-1-benzyloxycart)ony!-3-[1-(N-tert4)utGxycarbonyl-N-methyl)aminocyclopro- 
pyqpyrrolidine was dissolved in 10 mi of methanol to which was subsequently added 200 mg of 5% palladium-cartx)n 

20 to carry out 1 hour of hydrogenation under normal pressure with warming by an Infrared lamp. After completion of the 
reaction, 5% palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was dis- 
solved in 10 ml of acetonitriie td which were subsequently added 1 .24 ml of 1 .8<liazabicyclo[5.4.0]undec-7-ene (DBU) 
and 190 mg (0.6 mmol) of 5-amino-6,7.8-trifluoro-[(1R,2S)-2-fIuorocyclopropyl]-1,4<Ilhydro-4-oxoqulnoline-3-carboxy- 
lic acid, followed by 18 hours of heating under reflux. After completion of the reaction, acetonitriie was evaporated and 

25 the resulting residue was mixed with 200 ml of chlorofbrm and washed with 10% citric acid (100 ml x 1). The organic 
layer was dried over sodium sulfate, and the solvent was evaporated. The resulting residue was subjected twice to a 
silica gel thin layer chromatography (methanol :chloroform = 5:95), and the resulting silica gel was collected and 
extracted with a solvient system of methanohchlorofbrm s 1 :9. A 5 ml portion of concentrated hydrochloric acid was 
added dropwise to the thus ot>tained compound under ice cooling, followed by 10 minutes of stirring. After completion 

30 of the reaction, the reaction solution was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 
with hydrochloric acid, followed by extraction with chloroform (50 ml x 3). The organic layers were combined and dried 
over sodium sulfate, and then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from liq- 
uid ammonla-2-propanol to yield 96 mg (37%) of the title conpound. 

35 Melting point: 180 - 1 8rC 

[a]Q^^ a -242.26, (c = 0.265, 1 N sodium hydroxide aqueous solution) 
^H-NMR (400 MHz. 0.1 N NaOD) 5: 

0,54 ■ 0.65 (4H, m). 1.37 - 1.64 (3H. m), 1.88 - 1.98 (1H. m), 2.33 (3H. s), 2.75 - 2.87 (1H, m). 3.29 - 3.48 
(1H. m), 3.51 - 3.64 (2H, m), 3.71 - 3.83 (2H, m). 4.80 - 4.91 and 5.03 - 5.07 (1H, m), 8.18 (1H, s). 

40 





Elementary analysis for C21H23F2N4O3 




Calod.: 


C 56.63 


H5.43 


N 12.58 


45 


Found : 


C 56.57 


H5.31 


N 12.44 



SO 



55 
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Inventive Example 17: 

6>Ruoro-1-fnR.2S)-2-fiuorocvcloDroovn>1.4-dihvdro-8-niethoxy>7-f(^ 
4-oxoqurnoline-3-carboxyllc add 



10 



IS 




A 449 mg (1.2 mmol) portion of (3R)-1-benzyloxycartoonyl-3-[1-(N-tert4)utoxycart)onyi-N-methyl)aminocyclopro- 

20 pyqpyn^olidine was dissolved in 10 ml of methanol to which was subsequently added 100 mg of 5% palladium-carbon 
to carry out 1 hour of hydrogenation under normal pressure with warming by ah infrared lamp light. After completion of 
the reaction. 5% palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was 
dissolved In 10 ml of dimethyl sulfoxide to which were subsequently added 0.1 74 ml (1 .25 mmol) of triethylamine and 
217 mg (0.6 mmd) of 6J-difluoro4(1R,2S)-2-fluorocydopropyl]-1,4-dihydro-8-methoxy-4-oxoquinoline-3-carbo^^^ 

2s acid BF2 chelate, followed by 5 hours of stirring at room temperature. After completion of the reaction, dimethyl sulfoxide 
was evaporated, the resulting residue was mixed with water, and the thus formed crystals were collected by filtration 
and washed with water (10 ml x 3). The thus obtained crystals were dissolved in a mixed solvent consisting of 20 ml of 
methanol and 5 ml of water, and the solution was mixed with 0.3 ml of triethylamine and heated under reflux for 15.5 
hours. After completion of the reaction, methanol was evaporated, and the reaction solution was mixed with 50 ml of 

30 water and extracted witii chloroform (20 ml x 2). The organic layers were combined, washed with 10% dtric acid (100 
ml X 2) and dried over sodium sulfate, and the solvent was evaporated. A 5 ml portion of concentrated hydrochloric acid 
was added dropwise to the resulting residue under ice cooling, followed by 10 minutes of stirring at the same tempera- 
ture. After completion of the reaction, the reaction solution was adjusted to pH 12 with sodium hydroxide aqueous solu- 
tion and then to pH 7.4 with hydrochloric acid, followed by extraction with chloroform (50 ml x 5). The organic layers 

3S were combined and dried over sodium sulfate, and then the solvent was evaporated. Thereafter, the resulting residue 
was recrystallized from methanol-ethanol to yield 215 mg (83%) of the title compound. 



Melting point: 208-209'C 

[a]Q^^ = -123.42. (c = 0.525. 0.1 N sodium hydroxide aqueous solution) 
40 1 H-NMR (400 MHz, 0. 1 N NaOD) 5: 

0.53 - 0.69 (4H, m), 1.32 - 1.59 (3H, m), 1.91 - 2.02 (1H, m). 2.34 (3H. s). 2.85 ■ 2.95 (1H, m), 3.29 - 3.38 
(1H. m), 3.51 - 3.62 (2H, m), 3.57 (3H. s), 3.70 - 3.79 (1H. m), 3.98 - 4.07 (1H, m), 4.95 - 4.98 and 5.09-5.13 (1H, 
m). 7.66 (1H, d. J = 14.23 Hz). 8.39 (1 H. d. J = 2.93). 



Elementary analysis for C22H25F2N3O4 


Calcd.: 
Found : 


C 60.96 
C 60.79 


H5.81 
H5.73 


N9.69 
N9.55 



55 
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Inventive Example 18: 

6-nuQrQ-14f1R.2SV2-fiuorocYCiooroDyn-1.4<lihvdro-8-niethvl>7-rf3m 
oxoqulnQllne-3-carbQxytic acid 



10 



IS 




A 749 mg (2.0 mmol) portion of (3R)-1-benzyloxycaitonyl-3-[1-(N-tert4)utoxycarbonyl-N-methyl)aniinocydop^^^ 

20 pyljpyrolidine was dissolved in 10 ml of methanol to which was subsequently added 200 mg of 5% palladium-carbon 
to cany put 1 hour of hydrogenation under normal pressure with warming by an infrared lamp light. After completion of 
the reaction, 5% palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was 
dissolved in 5 ml of sulfolane to which were subsequently added 0.279 ml (2.0 mnrtol) of triethylamine and 345 mg (1 .0 
mmol) of 67<lifluoro-[(1R.2S)-2-fluorocyclopropyQ-1.4-dihydro-8-methyl-4-oxoquinoline-3-cart)oxylic acid BFg chelate. 

25 followed by 1 1 days of stirring at room temperature. After completion of the reaction, the reaction solution was mixed 
with 50 ml of water, and the thus formed crystals were collected by filtration and washed with water (10 ml x 2). The 
thus obtained crystals were dissolved in 32 ml of methanol and 8 ml of water, and the solution was mixed with 0.5 ml of 
triethylamine and heated under reflux for 18 hours. After completion of the reaction, methanol was evaporated and the 
resulting residue was mixed with 200 ml of chloroform and washed with 10% crtric acid (100 ml x 1). The organic layer 

30 was dried over sodium sulfate, and the solvent was evaporated. The resulting residue was subjected to a silica gel thin 
layer chromatography (methanol :chlorofbrm = 1 :9), and the resulting silica gel was collected and extracted with a mixed 
solvent of methanol :chlorofbrm = 1 :9. A 5 ml portion of concentrated hydrochloric add was added dropwise to the thus 
obtained compound under ice cooling, fdlowed by 30 minutes of stirring at the same temperature. After completion of 
the reaction, the reaction solution was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 

35 with hydrochloric acid, followed by extraction with chloroform (100 ml x 3). The organic layers were combined and dried 
on sodium sulfeite, and then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from meth- 
anol-ethanol to yield 124 mg (30%) of the title compound. 

Melting point: 211 -212<'C 
40 [a]o^^ = -330. 1 8. (c = 0.275. methanoO 
^H-NMR (400 MHz, 0.1 N NaOD) 5: 

0.51 - 0.67 (4H. m), 1 .20 - 1 .35 (1 H. m), 1 .43 ■ 1 ,68 (2H. m), 1 .94 - 2.02 (1 H, m), 2.32 (3H, s), 2.46 (3H, s). 
2.89 - 2.98 (1H, m). 3.30 - 3.42 (3H. m). 3.75 - 3.83 (1H. m). 4.05 ■ 4.13 (1H. m), 4.90 - 4.93 and 5.03 - 5.10 (1H. 
m). 7.66 (1 H. d, J = 14.65 Hz). 8.41 (1 H, d. J = 3.42 Hz). 

45 





Elementary analysis for C22H25F2N303 




Caiod.: 


C 63.30 


H6.04 


N 10.07 


so 


Found : 


C 62.97 


H6.25 


N9.91 



65 
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Inventive Example 19: 

$-AminQ-7-f(3R)-3-( 1 -QthYi^minopYplopropYO-l -pYrrolidinYn-e.8-0rf lMQrQ-1 -[( 1 R.29)-2-f luorogyclppropYil-l .4-dihYClro-4- 
oxoquinQllna-3-carboxylic add 



10 



IS 




20 A 414 mg (1.07 mmol) portion of (3R)-1-ben2yloxycarbonyl-3-[1-(N-tert45utoxycart5onyl-N-ethyl)anriinocyclopr^^ 
pyl]pyiT.olidine was dissolved in 15 ml of methanol to which was subsequently added 200 mg of 5% palladium-carbon 
to can-y out 1.5 hours of hydrogenation under normal pressure with warming by an infrared lamp. After completion of 
the reaction, 5% palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was 
dissolved in 10 ml of acetonitrile to which were subsequently added 1 ml of triethylamine and 225 mg (0.71 mmol) of 5- 

25 amino-67,8-trifluoro-[(1R.2S)-2-fluorocyclopropyq-1.4<Jihydro-4-CKoqulnonne-3-carbo^ acid, followed by 18 hours 
of heating under reflux. After completion of the reaction, acetonitrile was evaporated, and the resulting residue was 
mixed with 1 00 ml of chloroform and washed with 1 0% citric acid (1 00 ml x 1). The organic layer was dried over sodium 
sulfate, and the solvent was evaporated. A 5 ml portion of concentrated hydrochloric acid was added dropwise to the 
resulting residue under Ice cooling, followed by 1 hour of stirring. After completion of the reaction, the reaction solution 

30 was mixed with 1 0 ml of water and washed with dichioromethane (1 5 ml x 1). The aqueous layer was adjusted to pH 1 2 
with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, followed by extraction with chloro- 
form (50 ml X 3). The organic layers were combined and dried over sodium sulfate, and then the solvent was evapo- 
rated. Thereafter, the resulting residue was reaystallized from liquid ammonia-2-propanol to yield 243 mg (76%) of the 
title compound. 

35 

Melting point: 151 -152*'C 

[d\x?^ 3 -1 16.82. (c = 0.315. 0.1 N sodium hydroxide aqueous solution) 
^H-NMR (400 MHz, 0.1 N NaOD) 6: 

0.51 - 0.69 (4H, m). 1.04 (3H. t, J = 7.32 Hz), 1.37 - 1.62 (3H. m). 1.92 - 1.99 (1H, m). 2.71 (2H, q. J = 7.32 
40 Hz). 2.78 - 2.88 (1H. m). 3.30 - 3.39 (1 H. m), 3.53 - 3.64 (2H, m), 3.72 - 3.85 (2H, m), 4.85 - 4.92 and 5.03 - 5.07 
(IH. m), 8.19 (1H,s). 



45 


Elementary analysis for 

C22H25F3N403-1/4H20 




Calcd.: 


C 58.08 


H5.65 


N 12.31 




Found : 


C 58.23 


H5.89 


N11.98 



so 
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so 



55 



Inventive Exanple 20: 



5>Amino-6.8<iifluoro-1-rnR2SV2-fluorocvdo oroDvn-1.4^ihvdrQ>7-f(3RV3-f1-f2-h 
pyiTolidinvH-4-oxoquinolinB-a^fboxylic acid 



10 




NH2 0 o 



IS 




A 332 mg (0.67 mmol) portion of (3R)-1-ben2y!oxycart>onyl-3-[1-(N-(2-benzyloxyethyl)-N-tert-butoxycaitonyG^ 
nocyclopropyQpyrrolidine was dissolved in 20 ml of methanol to which was subsequently added 100 mg of 5% palla- 

20 dium-carbon to carry out 24 hours of hydrogenation under a pressure of 7 kg/cm^ with warming by an infrared lamp 
light After completion of the reaction, 5% palladium-cart)on was removed by filtration and methanol was evaporated. 
The resulting residue was dissolved in 1 0 ml of acetonitrlte to which were subsequently added 1 ml of triethylamine and 
177 mg (0.56 mmol) of 5-amino-67,8-trifluoro-[(1R,2S)-2-fluorocyclopropyO-1,4<lihydro-4K3xoquinoline-3-cart)Oxy!ic 
acid, followed by 23 hours of heating under reflux. After completion of the reaction, acetonitrile was evaporated and the 

25 resulting residue was mixed with 100 ml of chlorofbrm and washed with 10% citric add (100 ml x 1). The organic layer 
was dried on sodium sulfate, and the solvent was evaporated. The resulting residue was subjected to a silica gel thin 
layer chromatography (methanoLchloroform = 1 :9), and the resulting silica gel was collected and extracted with a sol* 
vent system off methanohchloroform = 1 :9. A 1 0 ml portion of concentrated hydrochloric acid was added dropwise to the 
thus obtained compound under ice cooling, followed by 30 minutes of stirring. After completion of the reaction, the reac- 

30 tion solution was washed with dichloromethane (10 ml x 2). The aqueous layer was adjusted to pH 12 with sodium 
hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, followed by extraction with chlorofbrm (100 ml x 
3). The organic layers were combined and dried on sodium sulfate, and then the solvent was evaporated. Thereafter, 
the resulting residue was recrystallized from liquid ammonia-ethanol to yield 97 mg (36%) of the title compound. 



35 



Melting point: 198-200''C 

[a]Q^^^ a -141.49, (c o 0.335, 0.1 N sodium hydroxide aqueous solution) 
^H-NMR (400 MHz, 0.1 N NaOD) 6: 

0.58 - 0.66 (4H, m), 1.45 - 1.60 (3H. m). 1.92 - 1.97 (1H, m), 2.82 - 2.88 (3H, m). 3.31 - 3.38 (1H, m). 3.55 ■ 
3.69 (4H, m), 3.75 - 3.83 (2H, m), 4.85 - 4.92 and 5.03 - 5.08 (1H. m). 8.19 (1H, s). 



40 



45 



Elementary analysis for 

C22H25F3N404-1/4H20 



Calcd.i 
Found : 



C 56.11 
C 56.38 



H5.46 
H5.37 



N 11.90 
N 11.75 
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Inventive Exanple 21: 

6-nuor(>-1-f(1R.2S)-2-fluorocv clQDroovn-1.4<lihvdro-74(3RV3-ri-(2-hvdro^ 
methoxy-4'Oxoquinorrnfi-3-carboxylic add 




A 210 mg (0.78 mmol) portion of (3R)-3-[1-(2-hydroxyethyl)aminocyclopropyIlpynolidine was dissolved in 10 ml of 
dimethyl sulfoxide to which was subsequently added 0.109 ml (0.78 mmol) oi triethylamine and 231 mg (0.64 mmol) of 
67<iffluoro-[(1R.2S)-2-fluorocyclopropyl]r1,4<lihydro-8-methoxy-4-Qxoquinoline-3-carbo^ add BF2 chelate, fol- 
lowed by 20 hours of stirring at room temperature. After completion of the reaction, dimethyl sulfoxide was evaporated, 
the resulting residue was mixed with water and the thus formed crystals were collected by filtration and washed with 
water (10 ml x 2). The thus obtained crystals were dissolved in 16 ml of methanol and 4 ml of water, and the solution 
was mixed with 1 ml of triethylamine and heated under reflux fbr 3 hours. After completion of the reaction, methanol was 
evaporated and the resulting residue was mixed with 100 ml of chloroform and washed with 10% citric add (100 ml x 
2). The organic layer was dried over sodium sulfate, and the solvent was evaporated. The resulting residue was sub- 
jected to a silica get thin layer chromatography (methanol:chloroform = 1:9). and the resulting silica gel was collected 
and extracted with a solvent system of methanol :chloroform = 1 :9. A 5 ml portion of concentrated hydrochloric acid was 
added dropwise to the thus obtained compound under ice cooling, followed by 30 minutes of stinring at the same tem- 
perature. After completion of the reaction, the reaction solution was washed with dichloromethane (20 ml x 1). The 
aqueous layer was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, 
followed by extraction with chloroform (50 ml x 3). The organic layers were combined and dried over sodium sulfate, and 
then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from liquid ammonia-2-propanol 
to yield 120 mg (40%) of the title compound. 



Melting point: 153-155^0 

Wd^^ = -106.66, (c = 0.270, 0.1 N sodium hydroxide aqueous solution) 
^H-NMR (400 MHz. 0.1 N NaOD) 6: 

0.55 - 0.67 (4H. m), 1.33 - 1.43 (1H. m), 1.48 • 1.62 (2H, m), 1.94 - 2.04 (1H. m), 2.82 - 2.94 (3H, m), 3.29 - 
3.36 (1H, m), 3.51 ■ 3.61 (2H. m). 3.57 (3H. s). 3.66 (2H. t, J = 5.86 Hz). 3.66 - 3.78 (1H. m), 3.98 - 4.05 (1H. m). 
4.91 - 4.95 and 5.07 - 5.1 1 (1 H, m). 7.65 (1 H, d, J = 14.16 Hz), 8.39 (1 H. d, J = 2.93 Hz). 



Elementary analysis for C23H27F2N3O5 


Calcd.: 
Found : 


C 59.60 
C 59.34 


H5.87 
H6.03 


N9.07 
N8.84 
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Inventive Example 22: 

6-nuorQ-1-ff1R.2S)-2-fluorocvclooroDvn-1.4Kiihvdro-7 -f(3R^341-(2-hvdroxYe^^^ 
mflthyl-4-QxoqiJinollnB-3-carbcixylic acid 

5 



10 




IS 



A 203 mg (0.74 mmol) portion of (3R)-3-[1-(2-hydroxyethyl)amlnocyclopropyl]pyrrollcline was dissolved in 2 ml of 
sulfolane to which was subsequently added 0.082 ml (0.6 mmol) of triethylamine and 206 mg (0.6 mmol) of 6,7-dif luoro- 

20 [(1 R,2S)-2-f luorocyctopropyq-8-methyl-1 ,4-dihydro-4oxoquinoline-3-cartx>xylic acid BF2 chelate, followed by 7 days of 
stirring at room temperature. After completion of the reaction, the reaction mixture was mixed witii 100 ml of chloroform 
and washed with 10% citric acid (100 ml x 1). The organic layer was dried over sodium sulfate, and the solvent was 
evaporated. The resulting residue was dissolved in 16 ml of methanol and 4 ml of water, and the solution was mixed 
witii 1 ml of trietiiylamine and heated under reflux for 3 hours. After completion of tiie reaction, methanol was evapo- 

2S rated and the resulting residue was mixed witii 1 00 ml of chloroform and washed with 1 0% citric add (1 00 ml x 1 ). The 
organic layer was dried over sodium sulfate, and the solvent was evaporated. The resulting residue was subjected to a 
silica gel thin layer chromatography (metiianohchloroform = 1 :9). and tiie resulting silica gel was collected and extracted 
with a solvent system of methanol rchloroform s 1 :9. A 2 ml portion of concentrated hydrochloric add was added drop- 
wise to the tiius obtained compound under ice cooling, followed by 30 minutes of stirring at the same temperature. After 

30 completion of the reaction, the reaction solution was washed with dichlorometiiane (20 ml x 1). The water layer was 
adjusted to pH 1 2 with sodium hydroxide aqueous solution and then to pH 7.4 with hydrochloric acid, followed by extrac- 
tion witii chloroform (50 ml x 3). The organic layers were combined and dried over sodium sulfate, and ttien the solvent 
was evaporated. Thereafter, the resulting residue was recrystallized from liquid ammonia-ethanol to yield 63 mg (23%) 
of tiie titie compound. 

35 

Melting point: 168-170"C 

[a]o^^ ^ = -236.47, (c = 0.170. 0.1 N sodium hydroxide aqueous solution) 
^H-NI^R (400 MHz. 0.1 N NaOD) 6: 

0.55 - 0.67 (4H, m). 1.18 - 1.25 (1H, m). 1.42 - 1.69 (2H, m). 1.92-1.99 (1H, m), 2.43 (3H. s), 2.82 - 2.94 
40 (3H. m). 3.22 - 3.34 (3H, m). 3.65 (2K t. J = 5.86 Hz). 3.69 - 3.79 (1 H. m). 4.03 - 4,09 (1 H. m). 4.90 - 4.95 and 5.07 
- 5.1 1 (1 H. m). 7.65 (1 H. d. J = 14.16 Hz). 8.43 (1 H. d. J = 2.93 Hz). 



Elementary analysis for C23H27F2N3O4 


Calcd.: 
Found : 


C 61.74 
C 61.68 


H6.08 
H6.19 


N9.39 
N9.31 



SO 



ss 
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Inventive Exanple 23: 

5-Amino-743-( 1 -aminocvclobutvlVI -pvrrolidinvn-6.8-dif luor o-l -U 1 R.2SV2-f luorocvcloDroovn-l .4<iilTvdro-4-oxOQuino- 
linQ-3-carbQxyllc acid (fr. 1) 




20 A 1 36 mg (0.57 mmol] portion of 3-(1 *tert-butoxycartx>nylaminocyclopropyl)pyrrolidi ne (f r. 1 ) yvas suspended in 1 0.0 
ml of acetonitrile to which was subsequently added 120 nig (0.38 mmol) of 5-amino-6,7.8-trifluoro-[(1 R.2S)-2-fluorocy- 
clopropyl]-l .4-dihydro-4-oxoquinoline-3-carboxylic acid and 0.79 ml (3.79 mmol) of triethylamine. followed by overnight 
heating under reflux. After evaporation of the solvent, the resulting residue was mixed with chloroform, washed with 
water. 10% citric acid aqueous solution and saturated brine in that order, and then dried over anhydrous sodium sulfate, 

25 fbllowed by evaporation of the solvent. To this was added 2 ml of concentrated hydrochloric acid, followed by 2 hours of 
stirring at room temperature. The reaction solution was mixed with 10 ml of water, washed with chloroform and then 
neutralized with sodium hydroxide aqueous solution. This was extracted with chloroform and dried over sodium sulfate, 
and then the solvent was evaporated. Thereafter, the resulting residue was recrystallized from 2-propanol to yield 29 
mg (15%) of the title compound as a yellow solid. 

30 

Melting point: 181 - 183''C (decomposition) 
^H-NMR(0.1 N-NaOD) 5: 

1.53-1.72 (4H. m). 1.81 - 1.91 (3H, m), 1.98 - 2.13 (3H. m), 2.25 - 2.33 (IH, m), 3.42 • 3.60 (3H. m), 3.68 - 
3.80 (2H, m), 4.81 - 5.03 (IH, m), 8.25 (IH, s). 

35 





Elementary analysis for 

C2lH23F3N403-1/4H20 


40 


Calcd.: 


C 57.20 


H5.37 


N 12.71 


Found: 


C 57.09 


H5.34 


N 12.38 



45 



50 



56 
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Inventive Example 24: 

5'AminQ-743-(1-aminQCvclobutvl)-1-Pvrrolidinvn-6.8<ii1luoro-1-f(1R.2S)-2'fluoro^ 

llnfl-3-carbQxylic acM (fr. 12) 



10 



IS 




'20 

. A 242 mg (1 .00 mmol) portion of 3-(1 •tert-butoxycarbonylaminocyclopropyl)pyrrolidine (f r.2) was suspended in 1 0.0 
ml of acetonitrile to which was subsequently added 21 2 mg (0.67 mmol) of 5-amino-6,7.8-trif luoro-[(1 R,2S)-2-f luorocy- 
clopropyO-1,4<lihydro-4-oxoquinoline-3-carbQxyllc acid and 1 .40 ml (6.70 mmol) of triethylamine, followed by overnight 
heating under reflux. After evaporation of the solvent, the resulting residue was mixed with chloroform, washed with 

25 water. 1 0% citric acid aqueous solution and saturated brine in that order, and then dried over anhydrous sodium sulfate, 
followed by evaporation of the solvent. Thereto was added 2 ml of concentrated hydrochloric acid, followed by 2 hours 
of stirring at room temperature. The reaction solution was mixed with 10 ml of water, washed with chloroform and then 
neutralized with sodium hydroxide aqueous solution. This was extracted with chloroform and dried over sodiuni sulfate, 
and then the solvent was evaporated. Thereafter, the resulting residue was reaystallized from ethanol-diisopropyl ether 

30 to yield 292 mg (37%) of the title compound as a yellow solid. 

Melting point: 133 - 139"C 
iH-NMR(Q.1 N-NaOD) 6: 

1 .46 - 1 .68 (4H. m), 1.81-1 .86 (3H, m). 1 .94 - 1 .99 (1 H, m), 2,05 - 2.10 (2H, m). 2.27 - 2.31 (1 H, m), 3.47 - 
35 3.54 (3H, m). 3.67 - 3.71 (2H, m), 3.86 - 5.02 (IH, m), 8.19 (1H. s). 



Elementary analysis for 




C2iH23F3N403-H20 




Calod.: 


C 55.50 


H5.54 


N 12.33 


Found : 


C 55.76 


H5.33 


N 11.85 
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Inventive Exan^ple 25: 

7-f3-( 1 -Aminocyclobutyl)-1 -pyrrolidinyl]-6.8-dif luoro-1 -f(1 R.2SV2-f luorocvclc»ropvl]-1 .4-dihvdro-8-methoxv-4-oxoauin- 
oline>3>cart»xyltc acid (fr. 2) 



10 



IS 




20 A 21 5 mg (0.89 mmol) portion of 3-(1 -tert-butoxycartx}nylaminocyclppropyl)pyrrolidine (f r.2) was suspended in 2.0 
ml of dimettiyl sulfoxide to which was subsequently added 21 5 mg (0^0 mmol) of 6 J.8-trif luoro-[(1 R,2S)-2'f liiorocydo- 
propyO-1 ,4-dihydro-4-oxoquinoline-3-carboxylic add and 249 ^1 (1 .80 mmol) of triethylamine, followed by overnight stir- 
ring at room temperature. After evaporation of triethylamine, the resulting residue was mixed with water to collect the 
thus formed precipitate by filtration. This was dissolved in 10 ml of 90% methanol aqueous solution, and the solution 

2S was mixed with 2 ml of triethylamine and heated under reflux for 2 hours. After evaporation of the solvent, the resulting 
residue was mixed with chloroform, washed with 1 0% dtric acid aqueous solution and saturated brine in tiiat order, and 
then dried over anhydrous sodium sulfate, followed by evaporation of the solvent. To this was added 2 ml of concen- 
trated hydrochloric add. followed by 2 hours of stirring at room temperature. The reaction solution was mixed with 10 
ml of water, washed witii chloroform and then neutralized with sodium hydroxide aqueous solution. This was extracted 

30 witii chloroform and dried over sodium sulfate, and then the solvent was evaporated. Thereafter, tiie resulting residue 
was recrystallized from etiianol-diisopropyl ether to yield 71 mg (27%) of the title compound as a yellow solid. 

Melting point: 123 - ISS^'C 
lH-NMR(0.1 N-NaOD) 5: 

35 1.33 - 1.40 (IH, m). 1.50-1,60 (1H, m). 1.68 - 1.79 (2H, m). 1.86 - 1.88 (3H, m), 2.03 - 2.07 (1H, m), 2.14 

(2H, brs), 2.40 - 2.49 (IH, m), 3.50 - 3.52 (3H. m), 3.56 (3H, s), 3.67 - 3.71 (IH, m), 3.98 - 4.03 (1H, m), 7.66 (IH, 
d,J»14.6 Hz). 8.42 (IH. 2s). 



40 



Elementary analysis for 

C22H25F2N304-3/4H20 



Calcd.: 
Found 



45 



0 50.12 


H5.98 


C 58.94 


H5.70 



N9.40 
N9.13 



50 



65 
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Inventive Example 26: 

5-Amino-7-f3-( 1 -aminocvclO DroDvD-l -azetidiny1]-6.8-dlf luoro-1 -f( 1 R.2S)-2-f luorocvcloDroovll-l .4-dihvdro-4-oxoQuino- 
linQ-3-carboxyllc acid 




NHBoc 




A 212 mg (1.00 mmol) portion of 3-(1-tert-butoxycart}onylaminocyclopropyl)azetidine was suspended in 10.0 ml of 
acetonrtrile to which was subsequently added 210 mg (0,66 mmol) of 5-amino-6.7.8-trifluoro-[(1 R,2S)-2-fluorocyclopro- 
pyl]'1,4-dihydro-4-oxoquinoline-3-cart)oxylic acid and 0.92 ml (6.60 mmol) of triethylamine, followed by 22 hours of 
heating under reflux. After evaporation of the solvent, the resulting residue was mixed with chlorofbrm, washed with 
water, 10% citric acid aqueous solution and then dried over anhydrous sodium sulfate, followed by evaporation of the 
solvent. Thereto was added 2 ml of concentrated hydrochloric acid, followed by 2 hours of stining at room temperature. 
The reaction solution was neutralized with sodium hydroxide aqueous solution and extracted with chlorofbrm. The 
extract was dried over sodium sulfate and the solvent was evaporated. Thereafter, the resulting residue was purified by 
a preparative TLC (developed by the lower layer of chloroform:methanol.'water = 7:3:1), recrystailized from concen- 
trated liquid ammonia-ethanol. and then washed with water and diethyl ether in that order to yield 108 mg (40%) of the 
title compound as a yellow solid. 

Melting point: 188 - 191°C (decomposition) 

= 36.44, (c = 0.225, 1 N sodium hydroxide aqueous solution) 
1H-NMR(0.1 N-NaOD)5: 

0.58 (4H, 2s), 1.54 - 1.61 (2H, m), 2.84 - 2.87 (1H, m), 3.78 (1H, m), 3.99 (2H, m), 4.32 (2H, m), 8.1 (1H, s). 



Elementary analysis for 


C 


M9Hi9F3N403-1/2H20 


Calcd.: 


C 54.68 


H4.83 


N 13.42 


Found : 


C 54.39 


H4.74 


N 13.22 
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Inventive Example 27: 

5'Amino>7-[(3R)-3-(1'aminocvdoDfODvl)-lH3vrrolidinYt)-64luoro-1-ff1R.2S)-2 
4-QxoquinQline-3-carboxylic add 




A 649 mg (1.8 mmol) portion of (3R)-1-benzyloxycarbonyl-3-(1-tert4)utoxycarbonylaminomethylcyclopropyl)pyrro- 

20 lidine was dissolved in 20 ml of methanol to which was subsequently added 200 mg of 5% (v/v) palladium-cartoon to 
cany out 2 hours of hydrogenation under normal pressure with warming by an infrared lamp. After completion of the 
reaction, 5% (v/v) palladium-carbon was removed by filtration and methanol was evaporated. The resulting residue was 
dissolved in 20 ml of dimethyl sulfoxide to which were subsequently added 2 ml of triethylamine and 312 mg (1 mmol) 
of 5-amino^,7-difluoro-[(1R,2S)-2-fluorocydopropyl]-1.4-dihydro-8-methyl-4-oxoquinoline-3- carboxylic add, followed 

25 by 18 hours of stining at ISO^'C. After completion of the reaction, dimethyl sulfoxide was evaporated, and the resulting 
residue was mixed with 100 ml of chloroform and washed with 10% dtric acid (100 ml x 1) and saturated brine (100 ml 
X 1) in that order. The organic layer was dried over anhydrous sodium sulfate, and the solvent was evaporated. A 10 ml 
portion of concentrated hydrochloric acid was added dropwise to the resulting residue under ice cooling, followed by 1 
hour of stirring at room temperature. After completion of the reaction, the reaction solution was washed with dichlo- 

30 romethane (20 ml x 1). The aqueous layer was adjusted to pH 12 with sodium hydroxide aqueous solution and then to 
pH 7.4 with hydrochloric acid, followed by extraction with chloroform (100 ml x 4). The organic layers were combined 
and dried over anhydrous sodium sulfate, and then the solvent was evaporated. The resulting residue was subjected to 
a silica gel thin layer chromatography, and the silica gel collected after development by the lower layer of a mixture sol- 
vent system of chloroform:methanol:water = 7:3:1 was extracted with the same solvent. Thereafter, tfie thus obtained 

35 crude product was recrystallized from chloroform-isopropyl ether to afford 101 .5 mg (24%) of the title compound. 

Melting point: 215-216*C 

Nd^^ = -406.96, (c = 0. 1 1 5, 0.1 N sodium hydroxide aqueous solution) 
^H-NMR (400 MHz, 0.1 N-NaOD) 6: 
40 0.55 (4H. s). 1.09 - 1.18 (1H, m), 1.45 - 1.57 (1H. m), 1.61 - 1.74 (1H, m), 1.95 - 2.05 (1H. m). 2.16 - 2.25 

(1 H. m), 2.27 (3H, s). 3.24 - 3.37 (2H, m), 3.45 - 3.57 (1 H. m), 3.68 - 3.80 (1 H. m). 3.89 - 3.98 (1 H. m). 4.85 - 4.91 
and 5.02 • 5.07 (1 H, m). 8.26 (1 K d, J = 2.93 Hz). 



45 


Elementary analysis for 

C2lH24F2N403^1/2H20 




Calcd.: 


C 59.01 


H5.89 


N 13.39 




Found : 


C 59.35 


H5.85 


N 12.83 
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Inventive Example 28: 

7- [f3R)-3-(1 -Aminocydopropyl)-1 -pyrrolidinyl]-6.8-dif luoro-1 -f(1 R.2Sl-2-f luorocvclonpopyil-l ■4-dihydro-5-hvdroxy-4' 
oxQqulnollne-3-carboxylic acid 



10 



IS 




A 360 mg (1.00 mmol) portion of (R)-1-ben2yloxycarbonyl-3-(1-tertHt)utoxycarbonylaminomethylcyclopropyt)pyrro- 
20 Irdine was dissolved in 10 mi of methanol to which was subsequently added 125 mg of 5% (v/v) palladium-carbon to 
carry out 3.5 hours of stinring at room temperature in a stream of hydrogen. After.f iltration through celite. methanol was 
evaporated. The resulting residue was mixed with 1 ml of triethylamlne and 159 mg (0.50 mmol) of 6,7.8-trifluoro- 
[(1R,2S)-2-fluorocyclopropyl]-1,4-dlhydro-5-hydroxy-4-oxoquinoline-3-carboxylic acid which has been dissolved in 10 
ml of acetonitrile, and the thus prepared mixture was heated under reflux tor 1 hour. After completion of the reaction, 
25 the reaction solution was mixed with 10% citric add and extracted with chloroform (50 ml x 3). The organic layer was 
dried over anhydrous sodium sulfate, and the solvent was evaporated. A 5 ml portion of concentrated hydrochloric acid 
was added dropwise to the resulting residue, followed by 1.5 hours of stirring at room temperature. After completion of 
the reaction, the reaction solution was adjusted to pH 12 with sodium hydroxide aqueous solution and then to pH 7.4 
with hydrochloric acid, and the thus predpitated crystals were collected by filtration. The resulting filtrate was extracted 
30 with chloroform (100 ml x 3). The organic layer was dried over anhydrous sodium sulfate and the solvent was evapo- 
rated. Thereafter, the resulting residue and the collected crystals were combined, and recrystallised from ethanol-liquid 
ammonia to yield 227 mg (82%) of the title compound. 

Melting point: 199-20rC 
35 ^H-NMR (400 MHz, 0.1 N NaOD) 5: 

0.55 (4H, s), 1.76 - 0.64 (3H, m), 2.05 - 1.94 (1H, m), 2.27 - 2.14 (1H. m), 3.58 - 3.38 (3H. m), 3.76 - 3.65 
{1H. m), 3.87 - 3.76 (1H, m), 5.07 - 4.81 (1H. m), 8.12 (1H, s). 
Nd^^ = '159.33 (c s 0.625, 0.1 N sodium hydroxide aqueous solution) 



Elementary analysis for 


C2oH2oF3N304-1/3C2H50H- 


3/4H2O 


Calcd.: 


C 54.89 


H5.24 


N9.29 


Found : 


C 54.94 


H5.35 


N9.32 



50 



55 
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Inventive Example 29: 

5-Amino-6-f luoro-l -f2-(SHIuoro-1 -(R)-cvclopropvn-8-methvj-7-f3-(R)-(1 -methYlaminocvdopropvl)-1 -pvrrolidinyn-1 .4- 
dihydro-4-oxo quinQline-3-cafbQxylicacid hydrochloride 




To a solution of 1-benzyloxycarbonyl-3-(R)-[1-(N-tert43utoxycarbonyl-N-methyl)aminoK:yclopropyt]pyn^^ 
(1.015 g, 2.710 mmol).in ethanol (40 ml) was added 5% palladium on activated carbon catalyst (moisture content 
55.6%, 1 0 g). The mixture was stirred for 3 hr at room temperature under an initial hydrogen pressure of 4.5 kg/cm^. 
and was then filtered through celite with ethanol to remove catalyst. The filtrate was concentrated in vacuo. To a solution 
of the resulting amorphous residue in dimethyl sulfoxide (7.5 ml) was added triethylamine (3.8 ml) and 5*amino-6,8-dif- 
luoro-1 -[2-(S)-f luoro-1 -(R)-cyclopropyl]-1 ,4-djhydro*4-oxoquinoline-3-carboxylic acid (351 .1 mg, 1 .1 24 mmol). The mix- 
ture was stired at 150''C for 15 hr under a nitrogen atmosphere. After cooling, the resulting mixture was concentrated 
in vacuo to remove dimethyl sulfoxide, and was tiien dissolved in chloroform (100 ml). The solution was washed with 
10% aqueous citric acid (100 ml) and saturated aqueous sodium chloride (100 ml), dried over anhydrous magnesium 
sulfete, and subsequently concentrated in vacuo. To the resulting residue, at O^'C, was added 35% hydrochloric acid (10 
ml) dropwise. The mixture was stirred at room temperature for 1 hr. and was then washed with dichloromethane (50 ml 
X 2). The aqueous layer was adjusted to pH 7.4 with 1 N sodium hydroxide solution, and was then extracted with chlo- 
roform (100 ml X 4). The combined organic layers were dried over anhydrous magnesium sulfate, and subsequently 
concentrated in vacuo. The residue was purified by recrystallization with 2-propanot-diisopropyl ether. To a solution of 
the resulting precipitate in ethanol (20 ml) at O^'C was added 1 N hydrochloric acid (2.0 ml). The mixture was stirred at 
0*^0 for 5 min, and was then concentrated to dryness in vacuo. After diethyl ether was added to the residue, the resulting 
precipitate was purified by reaystallization with 2-propanol-ethanol. and was then dried at 80°C for 37 hr in vacuo to 
give the desired product (288.3 mg, 54.7%) as a pale-yellow powder. 

Melting point: 196.3 - 198.6«C (dec.) 
Nd^ ® = -620.95° (C = 0.422. H2O) 
^H-NMR(400 IVIHz. DgO) 6: 

8.51 (1H. d. J = 3.51 Hz). 5.02 and 4.91 (1H. m), 4.03 • 3.83 (1H. m), 3.60 - 3.41 (2H. m), 3.39 - 3.21 (1H. 
m). 2.93 - 2.83 (1H. m), 2.81 (3H. s), 2.21 (3H. s), 2.17 - 2.1 1 (1H, m), 1.83 - 1.61 (3H, m), 1.59 • 1.39 (1H. m). 1.19 
- 1.09 (1H. m). 0.64 - 0.59 (4H. m). 



Elemental analysis for C22H26F2N4O3 • HCI 


Calcd.: 
Found : 


C 53.27: 
C 53.19: 


H 6.08: 

N6.11: 


N 11.30 
N 11.21 



Reference Example J-1 : 

Dimethyl 4-(1,1-bi$^OXYQ^rtx>nylethyO-3.5.6-triflMoropHhq^^^^ 

Dimethyl malonate (34.84 g. 0.20 mol) was added dropwise to a suspension of 80% NaH (8.0 g. 0.20 mol) in DMF 
(300 ml) under ice cooling. Dimethyl tetraf luorophthalate (53.23 g, 0.20 mol) was added to the mixture and the mixture 
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was stirred for 24 h at room temperature. The reaction mixture was diluted with ethyl acetate (1000 ml). The solution 
was washed with water (3 x 500 ml), dried over anhydrous sodium sulfate, and evaporated to give 83.7 g of the title 
compound as a pale yellow oil. 

5 ^H-NMR(400MHz,D2O)5: 

1.27 (6H. t. J = 7 Hz), 1.85 (3H, s). 3.91 (3H. s), 3.97 (3H, s), 4.26 (2H, q, J = 7 Hz), 4.27 (2H, q, J = 7 Hz). 

Reference Exanple J-2: 

10 4-(1-CarbOKyethyl)-3.5.6-trifluQrophthalic acid 

A mixture of dimethyl 4-(1 ,1 -bis-ethoxycart)onylethyl)-3,5,6-trrfluorophthalate (12.9 g. 30.7 mmol). hydrochloric acid 
(120 ml), and acetic add (120 ml) was refluxed for 24 h. The reaction mixture was concentrated to dryness to give 9.0 
g of the title compound as colorless crystals. 

75 

^H-NMR(400Mhz,D2O)6: 

1.45 (3H. d. J = 7.4 Hz), 4.25 - 4.32 (2H, m). 

Reference Example J-3: 

20 

3-^thYl-2.4,$-triflMQrobQnzOiC acici ... 

A mixture of 4-(1-carboxyethyl)-3.5,6-trrfluorophthalic acid (14.9 g, 47.9 mmol), dimethylsuffQxide(100 ml), and tri- 
ethylamine (30 ml) was heated at UO^'C for 4 days, and the reaction mixture was concentrated to dryness. To the res- 
25 idue was added 1 N Hcl (100 ml), and the solution was extracted with ether. The extract was washed with brine, dried 
over anhydrous sodium sulfate, and then evaporated to yield 9.27 g of the title compound as pale yellow crystals. 

^H-NMR (400 MHz. CDCI3) 6: 

1.24 (3H, 7, J = 7 Hz), 2.78 (2H, q. J = 7 Hz). 7.67-7.73 (1H. m). 8.5-9.3 (1H, broad). 

30 

Reference Example K-1 : 

Ethyl 5-aminG-1 -f(2S)-f luoro-f 1 R)-cyclopropyr|-1 .4-dlhydro>8>methoxy-4-oxoqulnQline-3-carboxylate 

35 Ethyl 1-[(2S)-fluoro-(1R)-cyclopropyl)-1,4<lihydro-8-methoxy-5-nitro-4K5xoquinoline-3-carboxylat^ (1.72 g, 4.45 
mnfK>l) was dissolved in a mixtue solvent of THF (40 ml) and EtOH (40 ml). Raney-Ni (1 ml) was added to the solution, 
and the mixture was stirred at room temperature for 1 .5 h under hydrogen atmosphere. Raney*Ni catalyst was removed 
by filtration and the solvent was removed by evaporation. The residue was purified by silica gel column chromatography 
with 3% MeOH-CHCIa to give 1 .33 g (84%) of the title conpound. 

40 

1H-NMR(400 MHz, CDCl3):5 

1.39 (3H, t, J = 6.84 Hz). 1.40 - 1,60 (2H. m), 3.76 - 3.82 (1H, m). 3.86 (3H, s). 4.38 (2H. q. J = 6.84 Hz). 
4.72 - 4.76 (0,5H, m), 4.88 - 4.92 (0.5H, m). 8.40 (1 H, s). 

45 Reference Example K-2: 

S-Amino-I -[(2SMIuoro-(1 R)-cvcloDroDvlV1 .4-dihvdro-8-methoxv-4-oxoQuinoline-3-carboxvlic acid 

Ethyl 5-amino-1-[(2S)-fluoro-(1R)-cyclopropyQ-1,4<lihydro-8-methoxy-4<)xoquinoline-3-carboxylate (1.33 g, 3.73 
50 mmol) was suspended in a mixtue solvent of EtOH (10 ml) and MeOH (5 ml). To the suspension wis added 1 N NaOH 
(8 ml) and the mixture was stirred for 2.5 h at room temperature. The solvent was removed by evaporation, and cone. 
HQ was added to the residue under cooling with ice. The precipitated crystals were washed with water and EtOH to 
give 1 .0 g (82%) of the title compound. 

55 
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Inventive Example 30: 



5-Amino-7-ri-amino-3-azabicv dof3.1.Q1hex-3-viV6-fluQrQ-14f2SVfluQro-(im^^^^ 
oxQqulnoline-3-cart)oxyiic add 

1-t6rt-Butoxycarbonylamino-3-azabicydo[3.l.0]hexane (Fr. 1) (350 mg. 1.77 mmoi) and triethylamine (2 ml) were 
added to a solution of 5-amino-6J<lifluoro-1-[(2S)-fIuoro-(1R)-cydopropyn-1.4<jihydro-8-methoxy-4-oxoqui^^^ 
carboxylic add (335 mg, 1 .02 mmol) in DMSO (8 ml). The mixture was heated at lOO^'C for 24 h, and the solvent was 
removed by evaporation. To the residue was added CHG3 (20 ml) and the insoluble material was removed by filtration. 
The filtrate was washed with 1 0% aqueous citric acid solution (10 ml x 2). dried over anhydrous sodium sulfate and then 
evaporated to remove the solvent. To the residue was added cone. HCI (5 ml), and the mixture was stinred for 5 min at 
room temperature. The reaction mixture was washed with CHCI3 (1 0 ml X 2). The aqueous layer was neutralized to pH 
7.3 with 20% aqueous NaOH solution and extracted witii CHCI3 (30 ml X 3). The extract was dried over anhydrous 
MgS04 and the solvent was removed by evaporation to obtain 240 mg (58%) of the crude product. The crude product 
was recrystaltized from EtOH-28% aqueous NH3 solution to give 120 mg of the title compound. 



Melting point: 219 - 230^0 (decomposition) 
^H-NMR (400 MHz, 0.1 N - NaOD): 6 

0.62 - 0.65 (1H, m). 0.78 • 0.82 (1H, m), 1.21 - 1.52 (3H. m). 3.37 (3H. s). 3.42 (1H. d, J = 9.28 Hz). 3.52 
(2H, brs), 3.63 - 3.69 (1H, m). 3.83 - 3.90 (1H, m), 4.75 - 4.81 (0.5H. m), 4.90 - 4.95 (0.5H, m), 8.26 (1H. s). 

Inventive Example 31: 



5-Am^no-7-rf3R■rSV3-f^met hvlaminoethvl^^Pvrrolidinvn^6^fl^oro■1^^f1R.2S^2-fluorocv^^ 

methvl-4-oxoquinoline-3-cart>oxvlic acid 

(3R.rS)-3-[1-(N-Methyl)-tert-butoxycarbonylaminoethyl]-pynrolidine (369 mg), 5-amino-1-[(1R,2S)-(2-fluorocydo- 
propyl]-6.7-difluor6-1,4-dihydro-8-metiiyl-4-axoquinoline-3-carboxylic acid (312 mg), DMSO (5 ml) and triethylamine (5 
ml) were mixed. The mixture was stirred at 1 20''C for 3 days under a nitrogen atmosphere, and the solvent was removed 
by evaporation. To the residue was added cone. HCI (5 ml), and the mixture was stirred for 30 minutes and washed with 
CHCI3. The aqueous layer was adjusted to pH 1 1 with an aqueous NaOH solution, adjusted to pH 7.40 witii 1 N HCI and 
extracted with CHCI3 (500 ml X 3). The extract was dried over anhydrous sodium sulfite and the solvent was removed 
by evaporation. The residue was recrystallized from isopropyl alcohol to give 125 mg of the titie compound. 



Elementary analysis Ibr 

C2iH26F2N403-1/4H20 



Calcd.: 
Found : 



C 59.35 
C 59.41 



H6.29 
H6.21 



N 13.18 
N 12.95 



INDUSTRICAL APPLICABILITY 



The heterocyclic compounds of the present invention have an antibacterial activity against various kinds of bacte- 
ria, and therefore, are useful as antibacterial drugs. 
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Bacteria /comDOund (Ex* No.) 


Table 1 
-1 


2 


3 


8 


E. coli. NIHJ 


iOT003 


.SO. 003 


SO. 003 


SO. 003 


5. flexneri, 2A 5503 


j;o.oo3 


SO. 003 


SO. 003 


SO. 003 


Pr. vulgaris, 08601 


0.013 


SO. 003 


SO. 003 


0.025 


Pr. mirabilis, IF0-38A9 


0.025 


0.013 


0.013 


0.05 


Ser* marcescens^ 10100 


0.05 


0.025 


0.025 


0.10 


Ps» aeruginosa I 32104 


0.05 


0.05 


0.10 


0.10 


P5. aeruginosa , 32121 


0.025 


0.10 


0.025 


0.05 


Ps. maltophilia, IID-1275 


0.025 


0.05 


0.05 


0.10 


S. aureus, 209P 


SO. 003 


S0.003 


O.006 


SO. 003 


S. epidermidiSt 56500 


0.013 


0.013 


0.025 


0.006 


5tr. pyogenes , G-36 


0.05 


0.013 


0.05 


SO. 003 


Str. faeccalis, ATCC.19433 


0.05 


0.05 


0.10 


0.025 


5. aureus, 87037 


0.10 


0.10 


0.20 


0.05 
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Table 1 (continued) 



5 



10 



20 



Bacteria/comDound (Ex. No.) 


-9 


10 


16 


23 


E. coli, NIHJ 


0T006 


^0.003 


SO. 003 


SO. 003 


5. flexneri, 2A 5503 


0.006 


^0.003 


ISO. 003 


SO. 003 


Pr, vulgaris, 08601 


0.013 


0.006 


SO. 003 


0.013 


Pr. mirabilis, IFO-3849 


0.10 


0.006 


0.013 


0.025 


Scr, warcescGTis , 10100 


0.10 


0.025 


0.05 


0.05 


Ps* aotuginosa t 32104 


0.10 


0.05 


0.05 


0.10 


Ps. aerueinosa , 32121 


0-05 


0.025 


0.05 


0.025 


Ps maltODbilia IID-1275 


0.20 


0.006 


0.05 


0.10 


5. aureus, 209P 


^0.003 


^0.003 


SO. 003 


SO. 003 


5. epidermidis^ 56500 


^0.003 


^0.003 


SO. 003 


SO. 003 


Str. pyogenes, G-36 


^0.003 


i0.003 


SO. 003 


SO. 003 


5Cr. faeccalis, ATCC-19433 


0.025 


0.013 


0.025 


0.013 


5. aureus, 87037 


0.025 


0.006 


0.025 


0.006 



3S 



40 



45 



SO 
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Table 1 (continued) 



Bacteria/comoound (Ex* No.) 




28 


Ofloxacin 


E, coll, NIHJ 




$0,003 


0.025 


5. flexnerx, 2A SS03 




$0,003 


0.05 


Pr. vulgaris^ 08601 


• 


0.006 


0.025 


Pr. mirabilis, IFO-3849 




0.013 


0.10 


Sec. marcescenst 10100 




0.025 


0.10 


P5. aeruginosa, 32104 




0.10 


0.39 


Ps. aeruginosa, 32121 




0,025 


0.20 


Ps. mltopbilia, IID-1275 




0.006 


0.39 


5* aureus, 209P 


_ 


$0,003 


0.20 


5. epidermidis, 56500 




$0,003 


0.78 


Str. pyogenes, G-36 




$0,003 


1.56 


5tr. faeccaiis, ATCC'19A33 




0.013 


1.56 


S. aureus t 87037 




0.006 


>6.25 



Claims 

1 . An Ni-(hatogenocyclopropyO-substituted p/ridonecarboxylic add derivative represented by formula (I): 




wherein represents a halogen atom or a hydrogen atom; 
represents a halogen atom; 

represents a hydrogen atom, a hydroxy! group, a thiol group, a halogenomethyl group, an amino group, an 
alkyl group having 1 to 6 cartx)n atoms or an alkoxyl group having 1 to 6 carbon atoms, of which the amino 
group may have a substituent selected from the group consisting of a fbrmyl group, an alkyl group having 1 to 
6 carbon atoms and an acyl group having 2 to 5 cart>on atoms, with the proviso that the amino group may be 
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dialkyl-substituted when the substituent is alkyi groups which may be the same or differerrt from each other; 
r2 is a group represented by formula (il): 



wherein and R"^ independently represent a hydrogen atom or an alkyI group having 1 to 6 carbon atoms and 
n is an integer of 1 or 2; 
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